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[57] ATTRACT 

[Object] To provide a method of manufactuiing a heli- 
cal anteima for satellite oommumcations wMch 1^ 
local bent, etc. in tixe completed helical coil even 
though the conductor wire used is of an extremely pli- 
able material, so that a high-<iuality helical antemia for 
use in satellite communications is obtained. 
[Struipture] A winding £rame 10 in which supporting 
demeiats 12 are projected in the form of a cross from the 
outer circcmferratial sur&ce of a rod-form base 11 is 
first obtained. Wedge members 71 through 74, each of 
which having a configuration of a cylindrical body 
divided into four sections along its axis, are Installed 
betwe^ the supporting elements 12. Then, with the 
cylindrical sur^ces of the wedge members 71 through 
74 being used as a winding guide, a conductor wire is 
wound in helical form through conductor wire mstalla- 
tion grooves 13 formed on the edges of the supporting 
elements 12. Thus, a helical coil 20 is formed. After- 
ward» the wedge members are removed from the wind- 
ing frame 10^ as aresult, an antenna element (^ahdical 
antenna suits^ble for satc^te communication is obtained. 
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tions in the respective outside edge portioiis of the third 

METHOD OF MANUFACTURING A HELICAL and fourtii supporting elements which face eax^ other 
ANTENNA FOR SATELUIE C30MMUNICAII0N in angular positions that differ by 180 degrees and are 

shifted by 90 degrees from the angular positions of the 

The present invention relates to a method| of manu- 5 first and second supporting elements, 
facturing a helical antenna used in sat^te communica- According to the hdical antenna as proposed above, 
tions which is obtained by winding a conductor wire helical coils with different winding directions, pitches 
into helical, fonn around a cylindrical or columnar and configurations can be obtained usmg the wonding 
shape winding firame. frames of the same modeL In addition, it has a number 

_ 10 of other merits. For example, the dielectric material for 

PRIOR ART the winding frame has almost no effect on the antemia 

One type of conveiational hdical antenna for satellite characteristics, the worlong characteristics of the wmd- 
communxcations is obtained by coiling a conductive ing operation ar^ conspicoousiy improved so that the 
wire in a spiral groove which is formed in the outside required winding work is greatiy reduced,' and the an- 
circumferential sur&ce of a relatively large diameter IS tenna can be manufactured at a low cost 
^2Jal wimling frame that is made of a dielectric pROBLEMS THE PRESENT mVENTTON 

Japanese UtiKty Model Application Laid-Open A i iiiMPTS TO SOLVE 

(Kokai) No. 3-32811 discloses another type of helical Howeyer, the following problem remains unsolved in 
antenna. In this antemia, a multiple number of rectangu- 20 the helical antenna described above. More specifically, 
lar ribs are installed radially around the outer drcum- since the conductor wire is wound in grooves fonned in 
ferential surface of a cylhder. Then, through-holes the supporting dements which are assembled in a cross 
which are used for inserting a hetical element are shapci bent portions, etc. tend to occur in the completed 
formed in the edge portions of the ribs, and a helical coil when the material of the conductor wire is pliable, 
element which has been prefoimed into a diape of a coil 25 This may lead to a quality drop of the antenna. 

^^^l^^^ir^^^^^^"^ SUMMARY OF HIE INVENTION 

In the antennas described first in the above, die wind- The present invention was made in light of the &cts 

ing pitch of the helical coil is determined by the posi- described above. The object of the present invention is 

tions of the spiral groove formed in the outside circum- 30 to provicfe a method of manufacturing a hetical antenna 

ferential snr&ce of . the winding frame. . Accordingly, for sateliite communications which can easily produce a 

helical coils of different pitches cannot be produced by high-quality helical antenna that is free of any local bent 

the winding frame of the same (or smgle) model Natur portions^ eta in the onxipleted heHcal coO even when 

rally* it is also impossible to obtain helical coils in differ- the conductor wire is made of an extremely pliable 

ent winding directions. Ftirthermorei shice the helical 35 mateiiaL 

coil is embedded in the windii^ frame that is made of a In order to achieve the object* the following steps are 

dielectric material of a prescribed dielectric constant, adopted in the present invention. In the jSrst stq)/ a 

the dielectric constant of the dielectric material oonsid- winding fhune is obtamed. The winding frame includes 

erably affects the antenna diaracteristics. four supporting elements projected m the form of a 

In the antenna described secondly in the above, the 40 cross frtm the outer circmnferential surface of a rod- 
helical element (or the helical coil) which has been form base that is of a cylindrical or columnar shape, 
formed into a coil sha^ beforehand is mstalled by being Each >^>portmg element is shaped in a rectangular 
forced into, from its end, the through-holes f<Hmed in plate and is provided with grooves on the outer edge 
the edge portions of the rectangular ribs. As a result, it portion at a prescribed pitch so as to be used for install- 
needs many winding processes, and the cost of the an- 45 mg a conductor wire therein. In the second step, wedge 
tenna tends to be high. members are installed Coaxially with the rod-form base 

In order to pi^tn^tiAfA the problems seen in the anten- so that they are between the adjacent supporting de- 

nas described above, the invoitors of the present appli- ments of the windmg frame obtained by the first step. 

cation previously proposed a new heHdal antenna. This Bach wedge member is obtained by dividing a cylindri- 

antenna includes a winding frame that is obtained from 30 cal body into four sections along two pknes which 

a rod-form base of a cylindrical or columnar shape and include the central axb of the cylindrical body and 

first to fourth supporting members each having a rect- intersect each other perpendiculariy. In the third step, a 

angular plate shape and being prcjected radially from helical coil is obtained by winding a conductor wire in 

four points d the outer circumferential surface of the a heHcal configuration through the conductor wire 

rod-form base so that the supporting elements are re- 55 installation grooves of the supporting elements which 

spectively oriented on two planes which include the are located between the respective wedge members. In 

cCTtral axis of the rod-foim base and intersect each this windmg step» the cylindrical surfaces of the wedge 

other perpendicularly. In this antenna, the first and members are used as a winding guide. In the last and 

second grooves (used for conductor wire installation) fourth step, the wedge members are removed from their 

are formed at a prescribed pitch in symmetrical posi- 60 locations which are between the helical coil and the 

tions in the respective outside, edge portions of the first : winding frame after the helical coil has been formed in 

and second supporting demients, and the first and sec- the third step. 

ond supporting dements are provided so as to face each As a result of the method described above, the fol- 
other in angular positions that differ by 180 degrees. lowing effects are obtained. During the formation of the 
The third and fourth grooves (used for conductor wire 65 helical coil, the conductor wire is wound in a helical . 
. installation) are formed at a prescribed pitch which is form with the cylindrical surfaces of the wedge mem- 
shifted by i pitch from the pitch formed on the first and . bers used as a winding guide surface. Accordingly; the 
second grooves. The grooves are in symmetrical posi- conductor wire is wound as if it is wound on the surface. 
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of: a single cylindrical body. Thus, even if the material The; steps of manu&cture; of the helical antenna for 
: of the conductor wire i& exHemdy pliable, die condoc-. satellite communicatiQns will be descnbed below with 
tor wire is wonnd< while being kept in iEin annular shape reference to FIOS. 2(a) and 20) through 5(a) iand 5(b). 
due to the cyiincbical surfaces of the wedge m^nbers.: In the first process, as shown in FIGS: 2(a) and 2(6), 
Accordlifigly, an accurate cylindrical coil is obtained. 5 a winding frame 10 is prqyared. The winding frame 10 
Furthermoi^ estemal force fbat might be applied to the includes : fiist through fourth supporting , elements 12a 
conductor wire during the fonnation of the helical coil through ; ild. Each of the supi)orting elements is of a 
will inot cause; any danger of the conductor, wire being rectangular; plate shape. Thiese supporting elements are 
bent of broken; This is because the conductor wire k assembled so that they project from the outer ciicum-. 
stably siqiported by the cylindrical sdrfaces of the IP ferential surfocc of a cylindrical : rod-form base 11 so 
wedge members; that the supporting .elements are arranged in a cross 

'■ shape when viewed from above. 

BRIEFiDESCRIPTION OF THE DRAWINOS The first thiough fourth snpportmg deilients 12a 

FlO- lisaperspecdvevieW ofa heiical aiiten^ thrpigh i2rf pttject ftdia^ 
' Mtftllitft nfmrniriniraiiifwi hii tgin«|f r"i^TinlT(i<Bmpnt tff fiomfooirlocatioiisAftheouterdtciiinf^^ 
the manofactuikg method of the piesmt invdition; of the rod-form base lL Thus, th6si4>porting elements 

FIOS.2(a).aiid(&) area fWmtviewfliidraad vie^ UathnnighUt/ are resp0ctively oriented (» two planes 
which illnStrate the fihtt hdical antenna maiiifectuiing which indnde the axis of the rod-form base 11 and 
pn)CCiss ia the embodinitait; FIOS. 3(a) and (b) axe a mtosect each other perpendicularly. The first and seo- 
fixjnt view and an end view which illiistialie the second ^ condnctor wireinstalhtian grooves iSa anid 13* are 
hdical antenna mannfectoring procKS in the embodi- / forawsd a* a jwescribed pitch P in synii^^ 
nient; m the respective , outsule edge portions of the first- and 

FIOS. 4(a) and (*) are a front view and an end view fiecond^suppdrting dements Ua and 126 vi*ich are 
wUchiUustiate the third hdinl antenna mann&cturing » as to jaop ea«J^otto. m angnl^^ 

process in the endradin^ 25 that differ >y ISOdegreea. The third and fourth:conduc» 

FIO& 5(a) and (b) are a front viewamJ an end view *^J"** 
which ilhistrate the foiirth hdical antemmmamrfacfin^ t^T^^.l'^^t^S^'^''^'^^^ 
tag piDoess in the embodiment: and by i pit<* from tiie pitdi P 

■ JroTtf^apeispectiwSofthe external appeaiw „ ^ ^ ^ syimnetikal, positlohs hi the 

anceoficomplLd^HodantemuforScoK ^ 

that differ by 180 degrees from each bther and shiftied 

DETAn.ED DESCMFnON OF'IlIE by 90 degrees from the portions of the fet and second 

INVENTION. ; 33 supportmg.eIementsl2flandl2&: 

rrtn Vi- ™«™*: - * u * In the second process, as shown in FIGS.: 3(a) and . 

thil^Wnfr^^ m wedeememb^througlL74areh^ 

the methodof thepres^t^vention ^ ^ ^^^^ 1^ ^ ^ ^ 

hehcal antemia for ^^te «,mmum^ons^(Fia 1 ^ajacenj supporting el4ent8 12tf^, : 126-12*, 

o^^TmAfrr^ 12rf-12a of the windmg frame 10 that is ob^ 

n^^^^ ^ ^^J?^l ^''^i*^ ^ '"^ ^ iir^it process. SWedge member Iws a . 

f**^,^ ff^^^^f^^ configuration obtained by dividh^g a cylindrical body 

mtteembodma^ into four sections along f^o Om^^ 

Wis an end wew.^ . include the center axis of such a cylindrical: body and 

As shown hi FIG. 1* a wmdmg frame 10 comprises 45 intersect each other perpendicularly, 

four supporting ^ements 12a 12*r These supporting In the third process, as shown in HQS, 4^^^ 

clients 12a to 12rf.Me prqjected^from the outer, or- a conductor wire is wound m helical fbim in such a 

cumferential surface of a rpd,fo^ manner that the conductor wire is guided into the con- 

acroM shape (wlten yieww^ from above^^ ductor wire installation grooves 13fl thhjug^ 

members 71 to^74 are imtelled between the supporthig 50 supporting elements lia through 12rf wMclTarc located 

elerncnts I^ through m Ea^^ member has a between the wedge members 71 thiough 74. In this 

configuration of a cyhncfriMl body divided i^^^ four winding process, the cylindrical surfaces of the wedge 

sections along tfic aas of the cyhndrical body. Usu^g members 71 through 74 are used as a winding guide, 

the cylmdrical sur£M?es of the wedge members 71 to 74 The helical coil 20 is thus obtained, 

as a winding guide, a co^ The conductor wire installation grooves 13a through 

hehcal sh4)e by being guided into conductor wire in. 13^ on the outer edge portions of die supporting ele- 

stallation grooves 13a .to l3e/ which are fonned on the ments 12fl through 12d are formed with a succe^ve 

outer edge portions of the supporting elements 12a to shift of J pitch at a time between adjacent supporting 

12£f. Thiis^ a helical coi] ;20 is formed from the wound : elements 12fl^l2c,= 12c^l2*, 126-12rf, 12t^l2a,;reg 

conductor wire: Afterward, the wedge members 71 to 60 less of the direction of right-hand rotation or left-hand 

74 are moved hi the direction of the arrow and thai : rotation about the axis. In other words, the grooves 13a 

removed from the windhig frame 10 or from the area through 13^/ correspond to the helical shape of the heU- 

between the helical coil; and the supporting elements. <ml coil 20. Accordingly; die winding of the helical ra^^ 

Thus, an antenna element of a helical antenna for satel- 20 may be in either the right-h^d : direction or. the left- 

lite, communications :is obtained: In order to facilitate 65 hand , direction. .In other words, ;the coil 20 may be a ^ 

the removal of the wedge members, each one of the right-handed twinging coil 20 as shown m FIG. 4 or a 

wedge meinbers 71 to 74 has an appropriate taper por- left-handed twinging coil (not shown in the FIGS.); 

tion m the axial direction. Thus, hdical coils of different whidhig directions may 
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be fonned as desired ustng the same (or smg^e) winding 
frame 10. 

Which conductor wire installation grooves 13a 
should be used in the wire winding process may be 
chosen in accordance with . the intended purpose. In .3 
other words, the winding pitch, etc. varies depending 
upon die selection of the grooves used in the winding of 
the conductor wire. Thus, the helical coils 20 are ob- 
tained in different pitches (for exampk, 2P, 3P, . . . ) or 
in different configurations (for example, a mixtore of IP 10 
and 2P, etc.) using the same or single winding firame 10. 

In the fourth process^ as shown in FIGS. 5(a) and 
S(b), the wedge members 71 through 74 are removed 
from winding frame or from the area between the heli- 
cal coil 20 and the supporting dements after the helical IS 
coil 20 has been complied in the third process. 

When the wedge members 71 through 74 have been 
removed, as shown in FIG. S{b), the helical CbU 20 is 
supported by the outside edge portions of the support- 
ing elements 12a through t2d. Thus, the coil 20 is main- 20 
tained at a prescribed distance L from the outside cir- 
cumferential surfiK^ of the rod-form base 11. Accord- 
ingly* even if the dielectric material having a large di- 
electric constant is used for the rod-form base 11, the 
effect of this dielectric material on the antenna charac- 25 
teristics can almost coiiq>letely be eliminated. 

FIG. 6 is a perspective view of the exteqial appear* 
ance of a completed helical antenna obtained via the 
first through fourth processes. As shown in FIG. 6, the 
conductor wire is wound in helical form around the 30 
winding frame: 10, to make the helical coil 20. This 
helical coil 20 consists of first and second coils 21 and 
22, each of which being wound a prescribed number of 
turns around a feeding pohit 30: The feeding point 30 is 
connected to the tip end of a coaxial cable 40 that passes 35 
through the rod-form base 11 of the winding frame 10. 
The base end of the coaxial cable 40 is extended from 
the bottom of the windmgframe 10, and a coaxial cable 
connector 50 is connected to this extended base end. In 
use, the helical antenna is covered by a cover 60 that is 40 
shown by a onerdot chain line in FIG. 6. 

The embodiment described above offers the follow- 
ing operating merits. Hrst, during the formation of the 
helical coil 20, the conductor wire is wound in a helical 
form with the cylindrical surfaces of the wedge mem- 45 
bers 71 through 74 used as a winding guide. 'Accord- 
ingly, the conductor wire is wound as if the winding is 
performed on the suifiace.of a cylindrical body. Thus, 
even if the material of the conductor wire used is, for . 
example, extremely pliable, the conductor wire can be 50 
wound in an aimidar shape because of the cylindrical 
surfaces of the wedge members 71 through 74. Thus, an 
accurate cylindrical coil can easily be obtained. Fur- 
thermore, an external f<»ce applied to the conductor 
wire during the formation of the helical coil 20 does not 55 
affect the coH, and the conductor wire is not bent or 
broken, since the wire is stably supported by the cylin- 
drical surfaces, of the wedge members 71 through 74. 
Thus, the quality of the completed helical coil 20 can be 
conspicuously high, i 60 

The present invention is not limited to the embodi- 
ments above. The wmding frame 10, for example, can 
consist of a multiple number of segment frames that are 
obtained by dividing a cylindrical frame into a multiple 

65 



number of sections along the axis, and these segment 
frames are connected to each other. Furthennore, the 
rod-form base 11 and the. supporting elements 12a 
through I2d can be separate members vAach are freely 
connectabie. In addition, handles can be mstalled on the 
wedge members 71 through 74 in order to facilitate the 
removal of the wedge members. It goes without saying 
that various other modifications are available within the 
spirit of the present invention. 

According to the method of the present invention for 
manufacturing a helical antenna, a winding frame is first 
obtained so that supporting elements are projected in 
the form of a cross from the outside circumference of a 
rod-form base. Next, wedge members, \yhich have the 
configuration of a cylindrical body divided mto four 
sections along its axial center, are kstalled between the 
siq>porti]]g elements, and a conductor wire(s) is wound 
in helical form through the conductor wire installation 
grooves formed in the supporting elements. This wind- 
ing of the conductor wire(s) is performed with the cy- 
lindrical ^urfooes of the wedge members being used as a 
guide. A helical coil is thus obtained. Afterward, the 
wedge members are removed from the winding frame. 
As a result, an antenna element of a helical antenna for 
use in satellite communications is obtained. Thus, be- 
cause <^ the effect of the wedge members, the method 
for manufacturing a helical antenna of the present in- 
vention can provide a heHcal antenna which has no 
locatl bent, etc. that might occur in the completed heH- 
cal coil even though the material of the conductor wire 
used k an extremely pliable. Thus, with the method of 
the present invention, a high-quality helical antenna for 
use in satellite communications can be obtained. 

We claim: 

1. A method of manufacturing a helical antenna for 
satellite communication comprising: 

obtaining a winding frame, said windin£| frame being 
obtained via four supporting elonents projecting in 
a cross shape from an outer circumferential surface 
of a cylindrical biase, eadi one of said four support- 
ing elements being of a rectangular plate shape and 
being provided with conductor wire grooves at a 
prescribed pitch formed on an outer edge of said 
supporting dement 

installing wedge members between adjacent support- 
mg elements of said winding frame coaxial with 
said cylindrical base, each one of said wedge mem- 
bers having a configuration formed by dividing a 
cylindrical body having an axial taper into four 
sections along two planes which include a center 
axis of said cylindrical base and intersect each 
other perpendiculariy; 

winding a conductor wire hi a helical configuration 
through said conductor wire grooves of said four 
supporting elements which are located between 
said wedge members cylmdrical surfaces of said 
wedge members being used as a winding guide; and 

removing said wedge members .from locations be- 
tween said helical coil and said winding frame after, 
said helical coil has been formed by withdrawing 
said wedge members in a direction opposite to said 
axial taper. 
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ABSTRACT 



A mobiJe vehicular antenna for use in accessing stationary 
geosynchronous and/or geostaUe satellites. A multi-turn 
quacbifilar helix antenna is fed in phase rotation at its base 
and is provided with a pitch and/or diameter adjustment for 
the heHx elements, causing beam scanning in the elevation 
plane while remaining relatively omni-directional in azi- 
muth. The antenna diameter and helical pitch arc optimized 
to reduce the frequency scanning effect. A teclmique is 
provided for aiming the antenna to compensate for any 
remaining frequency scamiing effect. 

24 Qaimsy 8 Drawing Sheets 
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METHOD OF MANUFACTURUNG A • 
HEMCAL ANTENNA 

This application is a division of application Sen No. 
08/058,079 filed May 10, 1993, now U.S. Pal. No. 5,485.170 5 
issued Jan. 16, 1996. 

TECHNICAL FIELD 

The present invention relates to radio transceiver anlen- 
nas, more particularly mobile vehicular antennas for use in 
accessing stationary geosynchronous and/or geostable sat- 
ellites. 

15 

BACKGROUND ART 

Mobile communications systems are known in the art for 
providing a oommunications link between a mobOe vehicle 
(e.g., automobile, truck, train, airplane or the like) and 
stationary base or another mobile vehicle. Communications 
link, as used in the present application is defined, but not 
limited to voice, data, facsimile or video transmission or the 
like. Some such known systems utilize local radio transmit- 
ters and receivers, for example, various radio dispatched 
vehicles (taxis, police, deliveries, repair services, or the like) 
ham or amateur radio. Citizens Band Radio (CB), commer- 
cial transmitters, cellular systems or the like. 

The disadvantage of these local radio frequency devices is 
that they provide only a limited scope of coverage. Practical 
limitations in transmitter and receiver design as well as 
bandwidth considerations limit the range of such systems. 
For some applications, for example, commercial transpor- 
tation (e.g., shipping; common carriers and the like) it is 
desirable to provide communications coverage for a larger ^ 
area, such as the continental United States (CONUS). Such 
coverage is possible with a series of local transmitter sta- 
tions strategically located throughout the CONUS area, 
however, the practical limitations of maintaining and oper- 
ating such a large number of transmitting stations renders ^ 
such a system too costly and impractical. Further, even if 
such a system were implemented, coverage over the entire 
CONUS could not be assured, as **blackout" areas could 
arise due to local terrain and weather conditions. 

As such, it has been proposed to provide a Mobile 45 
Satellite Cormnunications system (MSAT) for use in pro- 
viding a communications link between one or more station- 
ary bases and mobile vehicles, or between stationary bases 
or between mobile vehicles. Satellite cormnunications sys- 
tems are known in the art and have been extensively used in 50 
the telecommunications and television arts. For example, a 
satellite can be placed in a geosynchronous and/or geostable 
orbit with a broadcast 'footprint" which covers the entire 
CONUS. Of course, other 'footprint" sizes could also be 
used to cover other geographic areas. Further, multiple 55 
satellites could also be used to provide a plurality of "foot- 
prints" (overlapping or not) to cover a particular area or 
areas. 

The use of a satellite system overcomes many of the 
disadvantages of local radio frequency networks. For 60 
example, it is possible, with a satellite system, to use one 
satellite transponder to pirovide a common data link with a 
plurality of vehicles or sites throughout the CONUS. The 
use of new, so-called "high powef* satellite transponders in 
higher frequency bands (eg., Ku-band, L-band and the like) 65 
makes possible a more robust, stronger signal which can be 
more readily received throughout the entire CONUS. 
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Such a strong signal is desirable in mobile applications in 
particular as constraints are placed on antenna design. For 
example, in early telecommunications and television appli- 
cations, so called "low" power satellite transponders (on-the 
order of tens of watts) provided a fairly weak signal which 
generally required a fairly large antenna to receive. Typical 
terrestrial anteimas were parabolic designs (or variants 
theceoO on the order of at least a meter or more in diameter, 
utilizing low noise amplifiers to amplify the relatively weak 
received signal. 

For mobile applications, a more contact, relatively onmi- 
directional anterma is desirable. Aerodynamic and aesthetic 
requirements necessitate that the antenna design be small 
and relatively short Further, the antenna must also be robust 
in order to survive in a mobile (e.g., automotive) environ- 
ment. In addition, if such a system is to be widely adopted, 
the antenna design must be relatively inexpensive in order to 
keep the overall cost of the mobile transceiver dowa Since 
the communications link between the satellite and the 
antenna is more or less a line of sight transmission link and 
since a mobile vehicle is rarely positioned in one location for 
any given period of time, an ef&cient. relatively omni- 
directional antenna is needed. 

Thus, prior art parabolic antenna designs are impractical 
for mobile use. Such aiUeimas are relatively large and 
expensive arid largely unidirectional. For mobile applica- 
tions, an anteima positioning device would be needed to 
constantly reposition the anteima for optimum reception. 
Furthermore, such an antenna design would be much too 
bulky for mobile application, presenting too large a surface 
for aerodynamic considmtions, and presenting a generally 
displeasing aesthetic appearance; Moreover, in mobile appli- 
cations, such an antenna design would be too delicate to 
survive long. Low hanging branches, parking garages and 
other aerial hazards would quickly destroy such a large 
antenna. 

An example of one such mobile parabolic dish design is 
shown in Suzuki et al. U.S. PaL No. 4,725.843, issued Feb. 
16, 1988 shown in FIG. 1. FIG. 1 shows a vehicle 3 with 
parabolic dish antenna 1 and feed hom 2. As can be readily 
ascertained from FIG. 1. the relatively large dish antenna 1 
precludes the use of any rooftop accessories (e.gM roof rack 
or the like) and presents quite a profile to the wind. In 
addition, such a design is somewhat aesthetically displeas- 
ing, thus precluding mass consumer acceptance. Such 
mobile satellite communications systems have consumer 
applications and as such, a pleasing aesthetic design is a 
necessary criteria. The parabolic dish 1 of FIG. 1 also 
requires a positioning mecbanism to constantly reposition 
dish 1 as vehicle 3 travels. Such a positioning system is 
complex and fragile, adding to the cost and maintenance of 
the unit and detracting from the reliabili^ and robustness of 
the design. Finally it is noticeable that the design of FIG. 1 
is particularly susceptible to damage due to low clearances 
sudi as garages and the like. 

A practical MSAT antenna must also be able to compen- 
sate for changes in latitude. In particular, as a vehicle travels 
from areas of high latitude (e.g.. Northern CONUS) to areas 
of lower latitude (e.g.. Southern CONUS). the angle of 
elevation between the vehicle and the satellite changes (e.g., 
from 20* to 60**). Thus it remains a requirement to provide 
an anterma which, although maintaining relatively omni- 
directional coverage in the azimuth, is capable of scanning 
its main radiation beam in elevation to compensation for 
changes in latitude. 

For applications in which it is desirable to provide both 
transmit and receive capabilities iri the mobile unit, the 
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antenna must also be able to efficiently transmit radio signals 
to the satellite and receive return signals as well. In typical 
radio communications systems, different frequencies are 
chosen for the transmit and receive signals in order to 
prevent interference between these two signals. Unfortu- 5 
nately, most antenna designs are optimized for one fre- 
quency or a range or band of frequencies. As with all 
travelling wave antennas, the location of the peak radiation 
beam varies with frequency, giving rise to a phenomenon 
called "frequency scanning". This phenomena results in an 10 
unfommate reduction in antenna gain between the transmit 
and receiving modes of operation. This reduction in gain is 
sometimes called "cross-over loss**. 

Thus, it remains a requirement in die art to provide a 
small, inexpensive, efficient vehicular MSAT antenna which ^5 
has relatively omni-directional coverage in azimuth. It 
remains a fiirther requirement in the art to provide an MSAT 
antenna which has an aesthetically pleasing and robust 
design. It remains a further requirement in the art to provide 
an MSAT antenna which is capable of scanning its main 20 
radiation beam in elevation while remaining relatively omni- 
directional in azimuth. It remains an even further require- 
ment in the art to provide a vehicular MSAT anterma with 
reduced frequency scanning. 

The present invention solves these and <aher problems by ^ 
providing a nmlti-tum quadrifilar helix antenna fed in phase 
rotation at its base. The antenna of the present invention 
provides for an adjustment of the helix elements, causing 
beam scarming in the elevation plane. The quadrifilar hetical 
antenna is omni-directional in azinmth, making the antenna ^ 
particularly suitable for a mobile vehicular antenna access- 
ing stationary satellites. 



OBJECTS OF THE INVENTION ^ 

Thus, it is an object of the present invention to provide an 
MSAT antenna which is reduced in size. 

It is a frjTther object of the present invention to provide an 
MSAT antenna which is inexpensive to produce. ^ 

It is a further object of the present invention to provide an 
MSAT anteima which efficiently transmits and receives 
radio frequency signals. 

It is a further object of the present invention to provide an 45 
MSAT anteima which has relatively omni-directional cov- 
erage in azimuth. 

It is a further object of the present invention to provide an 
MSAT antenna with a robust design capable of withstanding 
a vehicular environment. 50 

It is a frirther object of the present invention to provide an 
MSAT anteima which is capable of scaiming its main 
radiation beam in elevation while remaining relatively onmi- 
directional in azimuth. 

It is a further object of the present invention to provide a 
vehicular MSAT antenna with reduced frequency scaiming 
characteristics. 



BRIEF DESCRIPTION OF THE DRAWINGS 



DISCLOSURE OF THE INVENTION 



60 



The MSAT antenna of the present invention comprises a 
multi-tum helix antenna having at two elements fed in 
anti-phase or three or more elements fed phase rotation at its 
base. The anteima of the present invention provides for an 65 
adjustment of the helix elements, causing beam scanning in 
the elevation plane. 



FIG. 1 shows a prior art mobile satellite antenna design. 

FIG. 2 shows a cross-sectional view of a bifilar helical 
antenna of the present invention. 

FIG. 2A shows an enlargement showing details of the 
bifilar helical antenna of FIG. 2. 

FIG. 3 shows an exterior view of a quadrifilar helical 
antenna of the present inventioa 

FIG. 3A shows a cross sectional view of the quadrifilar 
helical antenna of FIG. 3. 

FIG. 4 shows a cross-sectional view of the adjustment 
mechanism for the helix elements. 

FIG. 4A shows an exploded view of the adjustment 
mechanism of FIG. 4. 

FIG. 4B shows an exterior view of one embodiment of the 
adjustment mechanism of FIG. 4. 

FIG. 5 shows a phased power combiner for use in the 
quadrifilar helical anterma of the present inventioiL 

FIG. 5A shows a flexible circuit layout for a combined 
phased power combiner and quadrifilar helical anteima. 

FIG. 6 shows a graph of relative phase velocity as a 
function of helix circumference used in modeling the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIGS. 2 and 2A show a multi-tum bifilar helix antenna 
(hereinafter "antenna'*) 200 using a mechanical design 
which permits the pitch and diameter of helix elements 205 
and 206 to be adjustable. This mechanical adjustment elicits 
an electrical response in the radiation characteristics of 
antenna 200 which permits beam steering of the radiation 
pattern in the elevation plane. In the preferred embodiment 
antenna 200 is capable of scaiming its main radiation beam 
from 20° to 60** in elevation while maintaining relatively 
omni-directional coverage in azimuth. 

A range of 20** to 60° is particularly suitable for use in, the 
CONUS, as this range of elevation corresponds to the angles 
of inclination between a geostable satellite and locations 
throughout the CONUS. Other ranges of angles could, of 
course, be used if the antenna is to be used in another 
country or countries. A narrower range could be used in 
applications where the mobile vehicle is anticipated as 
having a limited range of travel. A fixed elevation angle 
could be chosen for stationary antermas or antennas using in 
local mobile applications. At the other extreme, an adjust- 
ment range could be provided from 0** (horizon) to 90** 
(zenith) to provide global coverage. The preferred range of 
20** to 60** is shown here for use in the CONUS and is in no 
way intended to limit the scope of the invention. 

The mast antenna of FIG. 2 is designed to mount to a 
detachable base 201 located on tiie vehicle skin (e.g., trunk, 
fender, roof or the like) 202. Its scanned radiation angle is set 
manually by the vehicle operator with the relatively simple 
adjustment of a knurled sleeve 222 at the base 217 of 
antenna 200. 

Bifilar helix 204 comprises two helix elements 205 and 
206 separated 180** apart, but sharing a common axis. In die 
preferred embodiment, helix elements 205 and 206 have 
conductors made of a highly conductive material, such as 
copper. Helix elements 205 and 206 serve as the radiating 
portion of the antenna. Helix 204 has distal end 209 and 
proximal end 210. In general, the distal end 209 of the 
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vertically mounted antenna 200 is the end which is furthest 
from the ground plane formed by vehicle skin 202. Antenna 
2G0 is fed at distal end 209 with a balanced assembly 
comprising coaxial cable section 211 terminating in a balun 
214. Tliis distal feed technique is sometimes referred to as 5 
the backfire mode. 

Helix elements 205 and 206 are formed by being wound 
around a constant diameter tube to form a uniform helix. The 
angle of pitch of helix 204 is determined by the number of 
helix tums for a given axial length. Pitch in unit length is jq 
defined as the axi^ length required for the helix to make one 
complete turn about its axis. When helix elements 205 and 
20$ are wound 180° apart as suggested above» a criss-cross 
effect of the elements is observed when the structure is 
viewed from the side as is shown in FIGS. 2 and 2A. 

The spacing (helix diameter) and angle of pitch of helix 
204 determines the polarization and radiation charact^stics 
of antenna 200. A bifilar helix with lefl-handed helices 
(ascending counter-dockwise as viewed from the bottom) 
radiates a right-hand circularly-polarized (RHCP) wave 
which is relatively omni-directional in azimuth. If the pitch 
angle and or the diameter of helix 204 is increased from an 
initial reference point, the radiadon in elevation is scanned 
towards the horizon. In the present invention, the element 
pitch angle and helix diameter are adjusted by varying the 
number of helix tums for a fixed axiil length. 25 

In one embodiment, helix elements 205 and 206 are made 
from 300 ohm twin lead line commonly used in ¥M receiv- 
ers and some television leads. One of the conducting leads 
is removed from the polypropylene sheathing of each of 
helix elements 205 and 205, while the remaining lead serves 
as the radiating elem^L Thus, helix elements 205 and 206 
each contain only one wire. 

Polypropylene was chosen because it readily takes a helix 
shape when wrapped around a metal tube (not shown) and 
heated with a hot air gun. Other heating techniques can also 
be used including heating the metal tube itself. In the 
embodiment shown in FIGS. 2 and 2A, helical elements 205 
and 205 were formed from two 37 inch lengths of 300 Ohm 
twin lead line suitably modified as discussed above by 
stripping one of the leads from the sheathing. When wound ^ 
six and one-half time around a % inch diameter tube, helical 
elements 205 and 206 are formed at an axial length of about 
31 inches. 

Formed helix elements 205 and 206 are placed over a 31 ^ 
inch long Vs inch diameter hollow supporting tube 212 
which may be made of any fairly robust insulating material 
such as phenolic resin. Supporting tube 212 is centrally 
located within a 32 inch long outer sheath 213 which is one 
inch in diameter. Outer sheath 213 also may be formed of ^ 
any robust insulating material such as polycarbonate and 
serves to provide environmental sealing of the antenna 
assembly. Coaxial cable 211 is fed through the center of 
supporting tube 212 and is terminated at the distal end 209 
at balun 214. Coaxial cable 211 may be formed from a 
UTI41 send rigid coaxial line. 

Balun 214 comprises a hollow Vie inch diameter brass 
tube with two feed screws 223 and 224 located 180° ^art. 
The wire portions of Helix elements 205 and 206 are secured 
to the termination of balun 214, one on each side, by feed ^ 
screws 223 and 224. Proximal end 210 of coaxial line 211 
is terminated by connector 216 which may be press fitted 
into base 217 of antenna 200. Balun 214 serves to maintain 
a rdative phase difference of 180^ between the radiating 
elements for the required frequency bands. ^5 

In an alternative embodiment, balun 214 comprises a 
hollow Me inch diameter slotted brass tube with two slots in 
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the tube located 180° apart The slots are 0.124 inches wide 
by 1.85 inches long. Tlie wire portions of Helbt dements 

205 and 206 are soldered to the termination of balun 214, 
one on each side, separated by the slots. 

Support tube 212 is captured at distal end 209 by end cap 
218 set into distal end 209 of outer sheath 213 so as to 
prevent support tube 212 from rotating. End c^ 218 is 
secured to distal end 209 of outer sheath 213 by glue, 
screws, threading; press fit, or the like. 

Proximal end 210 of support tube 212 is movably attached 
to inner rotatable sleeve 219 by threaded member 226. 
Threaded member 226 may be, for example, a 1/4-20 
threaded stainless steel sleeve. Spring 225 is installed at die 
point of rotation between support tube 212 and irmer rotat- 
able sleeve 219 to prevent undesired relative movemrat 
between inner rotatable sleeve 219 and support tube 212. 
Spring 225 may be made of, for example, stainless steel. 
Inner rotatable sleeve 219 is held in place by at two set 
screws 221 within knurled adjustment outer sleeve 222. 
Iimer sleeve 219 and outer sleeve 222 are located within 
base 217 which supports outer sleeve 213 and cormector 
216. The two grounded ends of helix elements 205 and 206 
are attached to rotating set screws 221, creating a mecha- 
nism for changing helix pitch. Access to knurled outer sleeve 
222 is made by machining two window slots (not shown) in 
the base 217. Base 217, inner sleeve 219 and outer sleeve 

221 may be made from any suitable insulating plasdc 
material with requisite strength requirements, such as DEL- 
RIN (TM) plastic. 

Helix 204, preferably made of polypropylene, has the 
desirous property of maintaining a uniform pitch along its 
axial length, even when one end is rotated with respea to the 
other. By fixing proximal end 209 of helix elanents 205 and 

206 fit)m rotation to balun 214 and attaching proximal ends 
210 of helix elements 205 and 20^ to rotatable outer sleeve 
222, an elevation steerable antenna with fixed height and 
adjustable pitch is achieved 

In operation, the operator loosens knurled locking bolt 
203 (held firm by spring 220) and twisu knuried outer sleeve 

222 through the two window slots (not shown) to adjust the 
axial pitch of antenna 200. In its initial position, helix 
elements 205 and 206 make approximately six and one-half 
tums within the axial length of antenna 2^. This allows for 
coverage within 20° above the horizon. In die other extreme, 
helix elements 205 and 206 make just under ten complete 
tums, allowing for coverage up to 60^ above the horizon. A 
mechanical limitcr (not shown) and elevation angle indicator 
(not shown) are used to prevent the user from forcing the 
helix elements beyond their six and one-half and ten turn 
limits and to simplify the process for optimizing the antenna 
for elevation coverage. The operator's choice of elevation 
angle can be determined from the latitude where the vehicle 
is located, or can be positioned with the aid of an electronic 
antenna peaking device as discussed below in connection 
with the second preferred embodiment. 

FIGS. 3 and 3A show a quadrifilar antenna 300 which is 
a second preferred embodiment of the present invention. 
Mast antenna 300 is a multi turn quadrifilar helix antenna fed 
in phase rotation at its base. In a similar manner to the bifilar 
antenna 200 discussed above in conjunction with FIGS. 2 
and 2A, the antenna 300 of FIG. 3 allows the pitch of the 
helix elements to be adjusted, causing beam scanning in the 
elevation plane. 

A characteristic exists within this or other antenna designs 
which can potentially adversely affect its utility as a medium 
gain omninjirectional antenna if not properly accounted for. 
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As with all travelling wave antennas* the location of the peak 
radiation beam varies with frequency, giving rise to a 
phenomenon sometimes called "frequency scanning". Fre- 
quency scanning can sometimes result in a reduction of 
antenna gain between the transmit and receive modes of 
operation, since the transmit and receive frequencies can 
differ from each other. For example, in the present invention, 
the MSAT system for which the antenna of FIG. 3 was 
designed uses a receive frequency of 1525 to 1559 Mhz and 
a transmit frequency of 1626.5 to 1660.5 Mhz. This reduc- 
tion in gain due to frequency scanning is sometimes referred 
to as "cross-over loss". 

In the past, it was proposed that a helix antenna could be 
modeled as a wave guiding structure enable of supporting 
several distinct transmission modes each dependent on its 
particular phase velocity. These relative phase velocities are 
govemed by the physical helix parameters of diameter and 
pitch, and so the relationship between the guided wave- 
length and its supporting structure becomes a two-fold 
problem over that of prior ait rectangular waveguide arrays. 

FIG. 6 plots the relative phase velocity as a function of the 
helix circumference in ireespace wavelengths and illustrates 
the varying wavelength ratio which gives rise to scanning of 
the main beam. Segments of measured curve 660 that have 
a near zero slope (i.e.,. horizontal) identify a mode of 
operation in which frequency scanning is at a minimum. 
Note that these segments near unity correspond to a transi- 
tion between transmission modes. This correlates with pre- 
vious observations made on other types of mast antennas 
which indicated that as their diameter is decreased to a point ^ 
near the transition b^een radfire and backfire transmission 
modes, the frequency scanning behavior decreases. 

The key to minimizing scanning effects lies in the a priori 
knowledge of a relationship between the pertinent helix 
parameters and the induced phase velocities (or guided 
wavelengths). The waveguide-fed array is not in itself an 
adequate model because unlike the helix, its clement sources 
are unique and plainly defined. The quadrifilar helix, being 
fed in (imbalanced) phase rotation, complicates matters still 
worse, and veiy little is offered in the prior art for to aid in 
providing a solution for the determination of its phase 
velocity. Thus the present invention encompasses an ana- 
lytical procedure for providing adequate modeling of a 
quadrifilar helix antenna. 

Computer-based modeling done on the helical antennas of 
the present invention was provided using the MININ£C 
wire analysis code. This computer code uses a moment 
method technique to solve for the current distribution on a 
specified geometry of finite radius wire elements. Once the 
antenna geometry has been input and evaluated, an output 
file is generated containing the relative phase and amplitude 
of the current distribution at periodic paints along the 
antenna structure. From this output file, it is possible to 
detennine the guided wavelength for a given set of physical 
parameters, thereby resolving the problem of obtaining a 
controlled model. 

From this output file a plot of relative phase velocity 
versus helix diameter can generated specifically for the 
quadrifilar mast. From this plot, it is possible to determine 60 
the optimum mast antenna dimensions which will satisfy the 
goal of minimizing frequency scanning. From this data, it 
has been determined that the traveling wave increases speed 
with decreasing diameter corresponding to a mode transition 
from backfiro to endfke. To maintain the necessary beam 
coverage, however, the helix pitch must also be adjusted. 
Frequency scanning thus decreases with a corresponding 
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decrease in antenna diameter. From this information, it was 
determined that an optimal pair of pitch and diameter 
parameteis can be chosen to result in a reduction in fre- 
quency scanning. 

For the quadrifilar antenna of FIG. 3 and 3A, it was 
determined that for the 60^ limit of elevation, a diameter of 
0.40 inches and a pitch of 9 turns over the 30 inch length 
(pitch=3.35 inches) was optimum. For the 20° limit of 
elevation, a diameter of 0.50 inches and a pitch of 6 turns 
over the 30 inch length (pitch=;5 inches) was optimum. 
These dimensions reduced the frequency scaiming effect to 
4* objective at 20° elevation, 6° objective at 40° elevation, 
and 9° at 60° elevatioru That is to say, that the difference 
between the elevation of the peak radiation beam in the 
transmit and received modes was 4°, 6° and 9° for a given 
elevation setting of 20°, 40° and 60°, respectively. This 
effectively reduces the frequency scanning effect by at least 
2° to 4° over the bifilar antenna 2C0 of FIGS. 2 and 2A. 

As discussed above, neariy equal to the operational per- 
formance of the antenna is its appearance to the user and its 
durability in a vehicular environment Antenna 300 is thus 
fitted with a fiberglass radome (outer sheath) 313 to improve 
appearance and to increase the robustness of the design. A 
power combiner 530 for the four helical elements 304 of 
anteima 300 is housed in an enlarged base section 317 of 
radome 313. A neatly styled elevation adjustment knob 
assembly 322 is placed at distal end 309 of antenna 300 to 
adjust the pitch of the four helical elements 304 of antenna 
300. The structure of adjustment knob 322 is discussed 
below in conjunction with FIGS. 4 and 4A. 

Radome 313 is constructed from a fiberglass tube with 
0.030 inch walls and a 0.625 inch diameter. This reduced 
diameter improves the q}pearance of the antenna such that 
it is nearly indistinguishable from ordinary CB or ham radio 
antennas currently in use. Of course, materials other than 
fiberglass may be used, such as polycarbonate or the like so 
long at the material is relatively stiff, non-conductive, and 
provides some impact resistance. Fibei^ass was chosen 
here for its relative stiffness, low cost and ability to flex 
under impact for low clearance hazards. 

For the quadrifilar helix antenna 300, an optimum helix 
diameter was determined (using the procedure discussed 
above in conjunction with HQ. 5) to be approximately 0.40 
inches, which can easily be accommodated in the 0.625 inch 
diameter radome. Microstrip feeding circuitry, discussed 
below conjunction with FIG. 5, was designed in a cylindrical 
shape so as to be incorporated in to the antenna itself. The 
cylindrical microstrip feeding circuitry, however, requires an 
increase in diameter of radome 313 from 0.625 inches to 
0.75 inches in diameter in enlariged base section 317. 
Enlarged base section 317 of radome 313 may be, for 
example, 3.75 inches long to acconunodate the feed cir- 
cuitry. The remaining 0.625 inch diameter portion of radome 
313 is approximately 30 inches in length, approximately the 
same size and shape as existing CB or ham radio antermas. 

FIG. 5 shows the power combiner circuit of the present 
invention. Power combiner 530 is made from a conductor 
bonded to a flexible film to form a flexible circuit. In the 
preferred embodiment, power combiner 530 is etched out of 
copper 531 on 5 mil thick MYLAR, a thin, strong polyester 
film film 532. The four helical elements 304 of antenna 300 
are fed in quadrature phase rotation through a 4 into 1 power 
combiner 530 which may be etched on the same sheet of 
MYLAR as helical elements 304, as will be discussed below 
in conjunction with FIG. 5A. Power combiner 530 provides 
the necessary phase rotation to the four helix elements of 
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antenna 300 for circular polarization. Power combiner 530 
fontis a covered miciostiip transmission line medium when 
"sandwiched" between two polypropylene tube sections 371 
and 372 and then slid over a brass rod (not shown) which 
acts both as a transmission line ground plane and mounting 5 
base. In one embodiment, Power combiner 530 is sand- 
wiched between two tubular sections of 0.063 inch wall 
polypropylene 371 and 372 which act as microstiip super- 
and substrates, respectively. This assembly is then slid over 
a brass rod (not shown) which acts as a ground plane and 
completes the circuit One end of this brass rod extends 
beyond the end of radome 313 and connects to mounting 
spring 340 for mounting purposes. 

A hole (not shown) is driUed through the brass rod (not 
shown) perpendicular to its line of axis and permits access 
for connecting cable 341 which has its center input soldered 
to the input port of power combiner 530. The outer conduc- 
tor (not Bhown) of connecting cable line 341 is soldered to 
a ferrule (not shown) which retains a securing out, thereby 
securing and providing electrical contact between the brass 
rod (not shown) and the outer conductor (not shown). ^ 
Connecting cable 3411 exits antenna 300 at the bottom end of 
enlaiged base section 317 through a grommet seal 342 and 
serves as a feed line. Connecting cable 341 may be con- 
stracted, for exanq)le, of a twelve inch length of RG-304/U 
cable terminated in a TNC connector 343. ^ 

The four helical elements 304 may be made of polypro- 
pylene 300 Ohm twin lead antenna cable as discussed above 
in conjunction with FIGS: 2 and 2A. However, in the. 
preferred embodiment, these elements can be formed from 
copper etched on a MYLAR film as shown in FIG. 5A. One 
advantage of making helical elements 304 using copper on 
MYLAR film is that since the power combiner 530 is also 
formed on a MYLAR film, the two can be combined as a 
single circuit, thus eliminating many soldering and assembly 
operations and reducing cost FIG. 5A shows a technique for 
laying out both power combiner 530 and helical elements 
304 onto one sheet of MYLAR fihn 573. Mylar film 573 can 
then be cut, for example, through a die cutting process, to 
produce the assembly of power combiner 530 and four ^ 
helical elements 304. The MYLAR film has the advantage of 
not requiring thermoforming. Mylar film based helical ele- 
ments 304, if cut in the proper ahspc, will readily assume 
and maintain a helical configuration without thermoforming. 
Of course, other materials other than MYLAR may be used 
so long as the material is suitably flexible to allow the helical 
elements 304 to be bent in a helical shape and that the 
material successfully bonds with the circuit elements. Simi- 
larly, although copper is shown here as comprising hehcal 
element 304, other conductive materials may also be used. ^ 

lb improve the robustness of the design, spring base 340 
is provided to absorb shock on impact between the antenna 
and low clearance objects (e.g., garage doors, tree limbs and 
the like). Spring base 340 may be one inch diameter and 
three inches in length. On both ends of the spring base 340 55 
are tapped inserts 374 and 375. The brass rod (not shown) 
discussed above, extending from the base section 317 of 
radome 313 is threaded at one end of spring base 340 into 
tapped insert 374. A universal ball mount (not shown) is 
tln^ded into the other end of spring base 340 into tapped 50 
insert 375. The bottom of balbnount (not shown) is tapped 
to accept a single mounting bolt (not shown) which has its 
head secured beneath the mounting surface of the vehicle. In 
the preferred embodiment, all threaded mounts are standard- 
ized to a 5/16-18 thread. 55 

As in antenna 200 of FIGS. 2 and 2A, a knurled knob 322 
is provided on antenna 300 to provide adjustment of the 
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antenna beam in the elevation plane. In the antenna 300 of 
FIG. 3, however, this knob is located at the distal end 309 of 
antenna 300. Locating adjustment knob 322 at distal end 3(^ 
of anteima 300 improves the overall appearance of antenna 
300, simplifies construction, and discourages urmecessary 
tampering with the elevation adjustment of antenna 300. 

Adjustment knob 322 is shown in ooss-sectional detail in 
FIGS. 4 and 4A and in exterior detail in FIG. 4B. Adjustment 
knob 322 is designed as a separate piece part for simple 
assembly to radome mbe 313 and helix elements 304. A 
moving travel limiter may be used as a vernier for fine peak 
adjustment as will be discussed below in conjunction with 
FIG. 4B. 

Referring now to FIGS. 4 and 4A, adjustment knob 322 
comprises knuried knob 450 which is press fit onto a splined 
end of threaded shaft 451. Threaded shaft 451 may be 
formed from a conunerciaUy available socket head cap 
screw. Threaded shaft 4511 passes through weather sealing 
O-ring 452 into knob housing 453. Adjustment housing 453 
is fixedly attached to distal end 309 of radome 313 by the use 
of screws, glue or the like. Hueaded shaft 451 passes 
through compression spring 454 and travel limit nut 455 and 
cormects threadably to mounting^taining ring 458. 
Threaded shaft 451 is secured to mounting/retaining ring 
458 and the helical elements 304 of anteima 300 by set 
screws 456 and 457. 

In operation, when knurled knob 450 is turned, mouruing/ 
retaining ring 458 turns as well, , altering the pitch of the 
helical elements 304 in a similar marmer as discussed above 
in conjunction with FIGS. 2 and 2A. Travel limit nut 455 is 
slotted (not shown) and rides on corresponding ridges (not 
shown) in knob housing 453. Pressure between compressing 
spring 454, travel limit nut 455, and knob housing 453, 
prevents threaded shaft 451 from turning on its own due to 
vibration or the like. In addition, travel limit nut 455 limits 
the amount of travel of the mounting/retaining ring 458. 
When knurled knob 450 is turned to one extreme, travel 
limit nut 455 will seat against compressed compression 
spring 454, preventing any further movement. When kiuurled 
laiob 450 is turned in the other extreme, travel limit nut 455 
will seat against mounting^retaining ring 458, also prevent- 
ing any further movement Thus, travel limit ring 455 
prevents the user from over adjusting anterma 300 aiKl 
possibly damaging the MYLAR based helixes 304. 

Antenna 300 can be adjusted by means of indicia marked 
on the outside of knob housing 453, indicating relative 
angles of elevation as is shown in FIG. 4B. Knob housing 
453 can be made of a clear plastic such as acrylic plastic, so 
that the position of travel limit nut 455 is easily visible to the 
user. Altemately other techniques can be used, such as 
modifying travel limit nut 455 to include an indicator or 
pointer to extend through a slot in knob housing 453. The 
use of clear plastic, however, allows the unit to remain 
weather tight 

In use, the antenna is designed to be adjusted by the us^, 
for example, a tmck driver or the like. Relative latitude and 
angle of elevation information can be converted to a simple 
table for use by the user, for example, listing cities or States, 
and the corresponding desired elevation setting for the 
antenna for those cities and States. By turning knurled knob 
450 to adjust the antenna, a rough adjustment can be made 
which in most instances should be sufBcient to properly 
adjust the angle of elevation so that the conical shaped beam 
of the antenna will intercept the geostable orbit of the 
satellite. 

In addition, an elecuronic antenna peaking circuit (not 
shown) can be provided to provide an audible feedback to 
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the user when the antenna had been properly adjusted. Such 
a peaking circuit can be incorporated into the transceiver 
circuitry (not shown). When the antenna peaking circuit is 
activated, the user then adjusts the antenna until a particular 
tone or signal is heard, indicating the adjustment of the 5 
antenna is at optimum. A speaker or earphones can be 
provided to that the user can hear the audiWc tone or tones. 
Alternatively, a meter or ether type of visual display can be 
used to indicate antenna signal strength or some other 
indication signal for purposes of optimizing antenna adjust- 
ment. 

Further, it may be desirable to use a sdieme for optimiz- 
ing antenna adjustment which takes into account the fre- 
quency scaiming effect (albeit reduced) present in the 
antenna. In operation, the user rotates loiurled knob 450 
counterclockwise to its limit (i.e., the *low" or 20° limit). 
This will set the elevation of the main radiation beam of 
antenna 3C0 to its lower limit of approximately 20°. The user 
then hits a "RESET" button (not shown) on the MSAT 
transceiver (not shown). The user then carefully rotates 
knurled knob 450 clockwise to its other limit (i.e.. the '"high" ^® 
or 60* limit), slowly scanning the main radiation beam of 
antenna 300 upwards for 20° to 60*. The MSAT transceiver 
(not shown) measured the signal strength of the received 
signal and records the maximum values of the received 
signal. ^ 

The user then slowly rotates knurled knob 450 counter- 
clockwise until a **beep" is heard from MSAT transceiver 
(not shown) through a speaker (not shown) or headphones 
(not shown). Again, as discussed above, a visual display 
could also be used (not shown). The "beep" indicates the 
event when the received signal changes to a value 1 Db less 
than the maximum signal value which was recorded during 
the upwards scan of the beam as discussed above. This 
peaking feature may be implemented by a sample-and-hold 
circuit (not shown) in the MSAT terminal with a resolution 
of 1 dB and an annunciator on the handset, or any other 
equivalent technique. 

This strategy will permit near optimum beam steering. It 
will align the satellite onto the lower elevation side of the 40 
receive beam. Since the transmit beam of antenna 300 is 
always lower in elevation (for the given frequency values 
used) than the receive beam, the transmit beam will always 
be close to optimum. With this pointing strategy, the 
approximate angular misalignment from perfect received 45 
beam conditions is about 6 degrees. Thus, the actual pointing 
is within about 2 degrees of the crossover point between 
transmit and receive beams. By avoiding the condition 
where the antenna was peaked to the upper side of the 
receive beam, substantial improvements in beam pointing 50 
are afforded. 

Of course, many other modifications are possible of the 
present invention without departing from the scope or spirit 
of the present inventioa For example, while the antennas of 
FIGS. 2, 2A, 3 and 3A are discussed as being approximately 55 
30 inches or more in length, other lengths could be used with 
suitable results. Since printed circuit technology is used in 
conjunction with the antenna of FIG. 3, these elements could 
be easily modified by top loading them with reactive ele- 
ments. In the bifilar antenna, for example, shielding a 60 
portion of the structure opposite the feed end has little effect 
on antenna gain. The mast acts as a helical waveguide, with 
one section radiating and another section inducing that 
radiation, like a reactive element storing energy. The length 
of the non-radiating section could be easily reduced without 65 
affecting the travelling current on the rest of the stmcturc. A 
reduced height antenna mast would provide an even more 



aesthetically pleasing appearance, reduce wind resistance 
and improve the robusmess of the design by reducing the 
likelihood of low clearance collisions. 

In addition, as discussed above, it had been discovered in 
testing that the bifilar helical antenna of the present inven- 
tion, shielding a portion of the stmcture opposite the feed 
end has little effect on antenna gain. This confirms the 
premise that radiation currents are practically non-existent 
along the last few turns of the antenna. Experiments have 
shown that shielding the last eight inches (or more) of the 
antenna (as measiued from the base) impmved the axial 
ratio with little or no degradation in gain. Inserting the 
antenna througih the ground plane to various positions along 
the shielded section Improved the axial ratio further. Thus, 
the antennas of the present invention could be suitably 
modified to be mounted below the vehicle skin (e.g., eight 
inches or more) with only the remaining portion of the 
antenna showing. This mounting technique not only 
improves the axial ratio, but reduces overall mast height, 
improving the aesthetic ^pearance and reducing clearance 
hazards. This technique would be especially useful in manu- 
facturing a retractable version of the antenna of the present 
invention. 

Further, althcnigh the helical antenna of the present inven- 
tion is disclosed as having two or four helical elements, 
other number of elements could successfully be used in 
other antenna configurations. In addition, although the heli- 
cal elements are shown here as being equilaterally spaced 
about a central axis (180° for the two element antenna, and 
90° for the four elemem antenna), other spacing arrange- 
ments could also be used, so long as the elements are 
symmetrically arranged about the axis. 

It should also be noted that although the elevation adjust- 
ing knob of the present invention adjusts both the axial pitch 
and radial diameter of tl^ helixes, the antenna could be 
configured to adjust either one of these variables indepen- 
dently of the other. 

It wilt be readily seen by one of ordinary skill in the art 
that the present invention fiilfills all of the objects set forth 
above. After reading the foregoing specification, one of 
ordinary skill will be able to effect various changes, substi- 
tutions of equivalents and various other aspects of the 
invention as broadly disclosed herein. It is therefore 
intended that the protection granted hereon be limited only 
by the definition contained in the appended claims and 
equivalents thereof, 

I claim: 

1. A method of manufacturing a helical antenna compris- 
ing the steps of: 

cutting a section of flexible twin conductor antenna lead 
to a predetermined length, said twin conductor anteima 
lead having a first conductor and a second conductor 
surrounded by an insulating sheath, 

wrapping said cut section of flexible twin antenna lead in 
a helix shape about a form of a predetermined diameter, 
to produce a wrapped lead, and 

heating said wrapped lead to produced a thermoformed 
lead. 

2. The method of claim 1 further comprising the step of: 
removing said first conductor from said insulating sheath 

of said flexible twin conductor antenna lead, leaving 
the other conductor in place, after said cutting step and 
prior to said wrapping step. 

3. The method of claim 1 wherein said insulating sheath 
of said flexible twin conductor antenna lead is formed of 
polypropylene. 
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4. A method of manufacturing a helical antenna compris- 
ing the steps of: 

etching at least one conductive trace from a sheet of 

conductor bonded to a flexible film, 
cutting said flexible film to a size substantially the same ^ 

as said at least one conductive trace to produce at least 

one flexible antenna element, and 
wr^ping said at least one flexible antenna element in a 

helical form to produce at least one flexible helical 

antenna element to 

5. The method of claim 4 further comprising the steps of: 

forming a power combining circuit on said flexible film, 
said pow^ combining circuit being coupled to one end 
of said at least one flexible antenna element, and 

wrapping said power combining circuit in a tubular form 
prior to wrappit^ said at least one flexible antenna 
element in a helical form. 

6. The method of claim 5, further comprising the steps of: 
sliding said power combining circuit wrapped in tubular ^ 

form, over a tube shaped substrate, and 
sliding a tube shaped superstrate over said power com- 
bining circuit wrapped in tubular form. 

7. The method of claim 6, further comprising the steps of: 
sliding said tube shaped substrate over a tube shaped 2S 

ground element, 
securing said tube shaped ground element to a base for 

mounting said antenna, 
securiiig one end of a tube shaped support tube to said 

base, and ^ 
coupling an other end of said at least one flexible helical 

antenna element to said an other end of said tube 

shaped support to produce an antenna assembly. 

8. The method of claim 7 further comprising the step of: 
securing a radome to cover said antenna assembly. 

9. The method of claim 7 wherein said coupling step 
further comprises the steps of: 

securing said other end of said at least one flexible helical 
element to an adjustment means for adjusting the axial 40 
pitch of said helical antenna, and 

securing said adjusunent means to said tubular support 
element 

10. A method for aiming a helical antenna comprising at 
least one flexible helical element while compensating for 4S 
flrequency scanning effects comprising the stqis of: 

adjusting the pitch of said at least one flexible helical 
element to a predetermined lower limit so as to steer a 
receive beam of said helical anteima to a predetermined 
lower elevation, 50 

adjusting the pitch of said at least one flexible helical 
element from said predetermined lower limit to a 
predetermined higher limit so as to scan said a receive 
beam of said helical antenna to from said predeter- 
mined lower elevation to a predetermined higher eleva- 
tion, 

measuring the signal strength of a signal received by said 
helical antenna during the second adjusting step, 

recording the maximum value of said received signal 
measured during said second adjusting step, 

adjusting the pitch of said at least one flexible helical 
element from said predetermined higher limit towards 
a predetermined lower limit so as to scan said a receive 
beam of said helical antenna to from said predeter- 65 
mined higher elevation towards a predetermined lower 
elevation, 
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measuring the signal strength of a signal received by said 
helical antenna during the third adjusting step, 

generating an output signal indicative of the event when 
the received sig^ changes to a value 1 Db less than die 
maximum signal value recorded during the second 
adjusting step. 

IL The method of claim HO wherein said recording step 
is implemented by a sample-and-hold circuit. 

12. The method of claim 10 wherein said generating step 
comprises the step of: 

generating an audio signal indicative of the event when 
the received signal changes to a value 1 Db less than the 
maximum signal value recorded during the second 
adjusting step. 

13. The method of claim 10 wherein said generating step 
comprises the step of: 

generating a visual signal indicative of the event when the 
received signal changes to a value 1 Db less than the 
maximum signal value recorded during the second 
adjusting step. 

14. A method of manufacturing a helical antenna com- 
prising the steps of: 

cutting a section of flexible twin conductor antenna lead 

to a predetermined length, 
wrapping said cut section of flexible twin antenna lead in 

a helix sh^ to produce a vnzpped lead, and 
heating said wrapped lead to produced a thermoformed 

lead.. 

15. A method of manufacnuing a helical antenna com- 
prising the steps of: 

etching at least one conductive brace from a sheet of 

conductor bonded to a flexible film, 
cutting said flexible fllm to produce at least one flexible 

antenna element, and 
wrapping said at least one flexible antenna element in a 

helical form to produce at least one flexible helical 

antenna element 

16. A method for aiming a helical antenna comprising at 
least one flexible helical element while compensating for 
flnequency scanning effects, comprising the steps of: 

adjusting the pitch of said at least one flexible helical 
element to a first predetermined lower limit represent- 
ing a first predetermined lower elevation, 

adjusting the pitch of said at least one flexible helical 
element from said first predetermined lower limit to a 
predetermined higher limit representing a predeter- 
mined higher elevation, 

measuring a first signal strengtii of a first signal received 
by said helical antenna during the second adjusting 
step, 

adjusting the pitch of said at least one flexible helical 
element from said predetermined higher limit towards 
a second predetermined lower limit representing a 
second predetermined lower elevation, 

measurinjg a second signal strength of a second signal 
received by said helical antenna during the third adjust- 
ing step, 

generating an output signal indicative of the event when 
the second sigtial strength changes to a predetermined 
value less than a predetermined maximum signal value. 

17. A method of manufacturing a helical antenna, com- 
prising the steps of: 

etching at least one conductive trace from a sheet of 
conductor bonded to a flexible film; 
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cutting said flexible film to a size substantially the same 
as said at least one conductive trace to pioduce at least 
one flexible antenna element; and 

wrapping said at least one flexible antenna element in a 
helical fonn about a form of a pxedetermined diameter, ^ 
to produce at least one flexible helical antenna element. 

18. A method of claim 17, further con^rising the steps of: 
forming a power combining draiit on said flexible film, 

said power combining circuit being coupled to one end 
of said at least one flexible antenna element; and 
wrapping said power combining circuit in a tubular fonn 
about a form of a piedeteimined diameter, prior to 
wrapping said at least one flexible antenna element in 
a helical fonn. 

19. The method of claim 18, further comprising the steps 
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sliding said power combining circuit wrapped in tubular 

form, over a tube shaped substrate; and 
sliding a tube shaped substrate over said power combining 20 

circuit wrapped in tubular form. 
20. Hie method of claim 19, fiiither comprising the steps 



sliding said tube shaped substrate over a tube shaped 
ground element; 25 

securing said tube shaped ground element to a base for 
mounting said antenna; 

securing one end of a tube shaped support tube to said 
base; and 

coupling an other eml of said at least one flexible helical 
antenna element to said an other end of said tube 
shaped support to produce an antenna assembly. 



30 



21. The method of claim 20, further comprising the step 
of securing a radome to cover said antenna assembly. 

22. The method of claim 20, wherein, said coupling step 
further comprises the steps of: 

securing said other end of said at least one flexible helical 
element to an adjustment means for adjusting the axial 
pitch of said helical antenna; and 

securing said adjustment means to said tubular support 
element. 

23. A method of manufocturing a helical antenna com- 
prising the steps of: 

cutting a section of flexible twin conductor antenna lead 

to a predetermined length; 
wrapping said cut section of flexible twin antenna lead in 

a helix shape about a form of predetermined diameter, 

to produce a wrapped lead; and 
heating said wrapped lead to produce a thermoformed 

lead. 

24. A method of manufacturing a helical antenna com- 
prising the steps of: 

etching at least one conductive trace from a sheet of 

conductor bonded to a flexible film; 
cutting said flexible film to produce at least one flexible 

antenna element; and 
wrapping said at least one flexible antenna element in a 

helical form about a fonn of predetennined diameter, to 

produce at least one flexible helical antenna element. 
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[57] ABOTACT 

A quadnfilar helix antenna for use in satellite communica- 
tions comprises four conductive elements acranged to define 
two separate helically twisted loops, one slightly differing in 
dectiical length than the o&ei; to define a cylinder of 
constant radius supported fay itself or by a cylindrical 
non-conductive substrate. Ihe two s^iarate helically twisted 
loops are connected to each o&er in such a way as to 
constitute the impedance matdiing, electrical phasing, cou- 
pling and power distribution for the antenna. In place of a 
conventional balun. the antenna is fed at a tap point on one 
of the conductive plements determined by an impedance 
matching network which connects the antenna to a trans- 
mission Une. The matching networic can be buHt with 
distributed or Innqted electrical elements and can be incor- 
pGiated into the design of die antenna. 

2^ Odms^ S BiTSwissg SS&eeits 
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QUADRIFILAR HELIX ANTENNA 

BACKGROUND OF THE INVHSTnON 

This inveatioii generally relates to quadiifilar helix anten- 
nas used for radiating or receiving droilaily polarized 
waves. More particularly, this invention relates to an 
in^sioved feed system fot coupling signals of equal magni- 
tude and 90 degrees out of phase to one end of the antenna. 

It is well known that helical antennas conqnising a 
plurality of resonant elements arranged around a common 
axis are particularly useful in ground links with oibiting 
satellites or in mobile^relay ground links with geosynchro- 
nous satellites. Due to tiie arrangement of the helical 
elements, the antenna exhibits a dome-shaped spatial 
response pattern and polarization for receiving signals ficom 
satellites. This type of antenna is disclosed in 
"Multielement, Fractional Turn Helices** by C C. Kilgus in 
IEEE "Ransactions on Antennas Propagation, July 1968, 
pages 499 and 500. This p^>er teaches, in particular, that a 
quadriiliar helix antenna can exhibit a cardiold characteristic 
in an axial plane and be sensitive to circularly polarized 
emissions. 

One ^pe of prior art helical antenna comprises two bifilar 
helices arranged in phase quadrature and coupled to an 
axially located coaxial feeder via a split tube balnn f<^ 
inq>edance matching. While antennas based on this prior 
design are widely used because of the partioilar re$p<mse 
pattern, they have the disadvantage that diey are extremely 
di&ult to adjust in order to achieve phase quadrature and 
impedanne matdiing, due to their sensitivity to small varia- 
tions in element length and other variables, and that the split 
tube balun is difScult to construct As a result, their manu- 
fiacture b a voy skilled and expensive process. 

Therefore, there is a need for a quadtifilar helix antenna 
having a predetermined input in^icdance which could be 
manufactured on a production basis without die need for 
adjustment and costly individual tuning. Fbrtfaer, there is a 
need to jprovide a quadtifilar helix antenna having a simpli- 
fied feed arrangement that avoids the ccnqilexities of con- 
ventional folded^ stepped or split shield baluns. 

The subject invention herein solves all of these problems 
in a new and unique manner which has not been part of the 
art previously. Some related patents are described below: 
U.S. Fat No. 5491352 issued to S. Branson on Mar. 2, 1993 

Ihis patent is directed to a quadrifilar antenna conqxrising 
four helical wire elements shaped and arranged so as to 
define a cylindrical envelope. The helical wires are mounted 
at their opposite ends by first and second printed circuit 
boards ha>dng coupling elements in the form of plated 
conductors which connect the helical whes to a feeder or 
semi-rigid coaxial cable on die first board, and with each 
other on the second board. The conductor tracks are such 
that the effective length of one pair of helical wires and 
associated impedance elements is greater than that of the 
other pair of helical wires, so that phase quadrature is 
obtained between the two pairs. 

U.S. Pat No. 4,008,479 issued to V. C. Smith on Feb. 15, 
1977 

This patent is dh^cted to a dual-frequency circularly 
polarized antenna. Ihe antenna comprises a longitudinal 
cylindrical non-conductive member supported at its top by 
four conductors each extending transversely from a center 
coaxial line. Two sets of the antenna conductors are attached 
to the non-conducting cylinder in a configuration of equally 
longitudinally spaced spirals. The two sets of conductors are 
conducdvely connected by pins sudi that one set corre- 
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Spends to a half wavelengdi at one frequency and the other 
set corresponds to a half wavelength at another frequency. 
U,S. Pat Na 3,623,113 issued to L M. Falgen on Nov. 23, 
1971 

5 This patent is directed to a tunable helical monqpole 
antenna. The tunable helical monopole anterma comprises a 
winding having both an xsppa portion and a lower portion 
which are symmetrically substantially idendcal to each 
other: Connected to each end of the winding halves are 

10 cylindrical terminal dipole elements and connected to these 
terminal elements are shorting fingers. By synchronously 
moving die shorting fingers, the respective helical windings 
are efiPectively shorten or lengthen for tuning purposes. 
U.S. Pat No. 5,255,005 issued to C Toret et al on Oct 19, 

13 1993 

This patent is directed to a dual layer resonant quadrifilar 
helix antenna. The antenna con^idises a quadrifilar helix 
formed by first and second bifilar helices positioned 
orthogonally and excited in phase quadrature. Additionally, 

20 a second quadrifilar helix is coaxially and electromagneti- 
cally coupled to a first quadrifilar heUx. 
U.S. Pat No, 4,148,030 issued to P. Foldes on Apr. 3, 1979 
This patent is directed to a combination helical antenna 
con^ffising a plurality of tuned helical antennas which are 

25 coaxially wound upon a hollow cylinder, whereby the anten- 
nas are collocated. The antenna further conqnises a printed 
circuit assembly having thin m^ dq)oks of the type used 
in a microwave strip line. The thdn metal dipoles are 
resonatmg dements that are coupled to each other in a 

30 manner similar to end-fire elements of a mioostrip filter. 
While the basic concqpts presented in the aforementioned 
patents ate desirable, the i^yparatus employed by each to 
l^oduce a quadrifilar helix antenna are mechanicaUy far too 
complicated to render Ihem as an inexpensive means of 

35 achieving an antenna having a predetermined input hapedr 
ance which could be manufactured on a inoduction basis 
without the need for adjustment and costly individual tuning 
and still present desired radiation cfaaracte;ristlcs during 
operation. 

^ SUMMARY OF THE INVENTION 

A quadrifilar helix anterma for use in satellite communi- 
cations comprises four conductive elements arranged to 
define two separate helically twisted loops, one slightly 

45 differing in electrical length than the other, to define a 
cylinder of constant radius supported by itself or by a 
cylindrical nor^conductive substrate. The two separate heli- 
cally twisted loox>s are connected to each other in such a way 
as to constitute the inpedance matching, electrical phasing, 

50 coupling and power distribution for the antenna. In place of 
a ccmventional balun, the antenna is fed at a tap point on one 
of the conductive elements determined by an impedance 
matching network which connects the antenna to a trans- 
mission Une. The matching netwodc can be built with 

55 distributed or lumped electrical elements and can be incor- 
porated into the design of the antenna. 

Therefore, it is an object of die present invention to 
provide a siiiq>le matching n^ork where die hiductance of 
the conductor leading to the t^ point is tuned out t>y a series 

^ capacitor before coimecting to the transmission line used to 
transfer radio ficequency signals to and from the antenna. 

An object of the present invention is to provide a quadrifi- 
lar antenna fanned by two bifilar helices where the cou|^g 
between the two heUces is provided by a shared common 

65 current path. 

A fimher object of the present hivention is to have a 
quadrifilar anteima which has a simple feed method that 
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does not require the use of conventioiial folded, stuped or and 20 could be self-supporting without tube 12 by the use 

split shield baluns. of rigid wire or could be arranged against the inner surface 

Another object of the present invention is to provide a of ^ 

quadrifilar antenna formed by printed circuit boards which Refening once again to HO. 1, dements 14 and 18 are 

can be relatively accurately formed with predetermined ^ cross connected by shorting conductor S^, and elements 16 

shapes and dimensions, such that relatively Httle, if any, and 20 are cross connect by shorting conductor 52. Afxst 

adjustment is required to obtain an antenna having the helix is thus formed by dements 14 and 18, conducted 50 

required dcctrical characteristics. and equal conductors 40 which are slightly longer than a 

Yet, still anotfier object of the present invention is to have second helix formed by elements 16 and 20, conductor 52 

a quadrifilar antenna which can be mass-produced to predse equal conductors 42. Therefore, the first and second 

dimensions with high rqirodudbility of dectromagnetic helices have two different dectrical lengths translating into 

chaiacteristics. different resonant frequendes whidi are diosen by 

* *u u- -* *r ,u — ♦ :„ design to result in an dectiically 90* phase difference 

Still, yet another object of the present mvention is to . ^ . ^ , ^ ^ , lu u « i *v j 

.J J -^t i ^. L . • t*. J 1 • between the currents induced in each helix loop thus maln- 

Iffovide a quadnfilar antenna which is especially shnple m . - ^^^^^^ wuicuu. uiu«^ *u «^ " u ^ u 

conduction, particularly light weight and cotnpact in ^^£t:il^S;^'^^^ZM^t^ 

^* , formed by dements 16 and 20, conductor 52 and equal 

A further object of the present invention is to provide a conductor 42 to the other helix foraicd by elements 14 and 

low cost antenna having a quasi-hemispherical radiation jg^ conductor 50 and equal conductor 40, 

-nirmngonceagaintoHG.l^acoaxialtransmissionline 

grcwnd and orbital satelhte tdecomraumcation hnks or m V T^^, ^ JTl*- ^ aa - 

iobUe relay tdecommunication links with geosyndironous ^ ^."'i^l^^^^^^f ' ^hT" Jfc^Tn flt^l, 

satellites capaator 46 whose (Aher end 48 connects through a con- 

' , . ^ , , , ductor 26 to a tap point 25 on element 20 to effectivdy 

Accordingly, it is an object of the present invention to impedance luatch antenna 10 without the use of a conven- 

provide an effective, yet inexpensive and relatively 23 tional balun. The placement and value <rf capacitor 46 and 

mechanically unsophisticated quadrifilar antenna, whidi is ^ conductor 26 arc edetermined from 

rugged yet lightwdght, easily carried and used desired input inqwdance presented by transmission line 

BRIEF DESCaOFnON OF THE DRAWINGS transm^sion line 36 is shown as coaxial, it 

may be any vanety of transmission lines used to cany radio 

The above, as well as other, advantages of the present frequency signals. Therefore, the abator 46 is used to tune 

invention will become readily {parent to diose skilled in out ttie in(hictance of conductor 26 at the antenna frequency, 

the art from the following detailed descriptions of the An outer conductor 30 of transmission line 35 connects to 

preferred embodiment when considered in light of the the midpoint of common conductor section 38. Tliesh^e of 

accompanying drawings in which: the antenna 10 may be cylindrically round or square or may 

FIG. 1 is a perspective view of a quadrifilar helix antenna tapered over its lengi without altering the intent of the 

in accordance with the present invention; invention. 

FIG. 2 is a perspective view of one preferred embodiment » is understood by those famlHar with the art that any 

of the quadrifilar hdix antenna in accordance with the method <rf feeding the antenna 10 with a variety of unbal- 

present invention; 40 transmission lines in addition to coaxial, such as 

FIG, 3 is plan view of the conductive elements shown in '^^^ can be accomplished by <^nnerting 

2< the signal hne to the capaator 46 at c^aator end 44 and the 

■ * . * ^ _ . . . ground or signal return side to the mit^int of shared 

HG. 4 IS a top plan view of a one side of a fir st prmted common segment 

circuit board of flie antenna of the present invention; . ^ . . j^^^ 

vx aut^uiK. |xi«i.«^ x**T^u«vu, Altough not shown, it may be envisioned that the antenna 

HG. 5 is a top plan view of a second side of the printed l® may be fed with a balanced transmission line in a 

circuit board shown in HO. 4; differential fashion as foUows: A dupHcate capacitor 46 and 

FIG. 6 is a top plan view of one side of a second pinted connecting conductor 26 as shown in FIG. 1, are connected 

circuit board of the antenna of the present invention; to conductive element 20 and added in addition to those 

FIG. 7 is a top plan view of a second side of the printed 50 shown in a like and identk:al manner to conductive element 

circuit board shown in FIG. 6; and 16 at a tap point 25 identical to that as shown for element 2®. 

FIGS. 8, 9, 10 respectively represent the radiation pattern Each wire of the balanced transmission line would than 

and value of VSWR of an antenna built in accordance witii connect individually and separatdy to each of the ends 44 of 

the teachings of the present invention. capadtOTS 46. 

53 ^ ^ understood by those skilled in the art, that a 

DESCRIPTION OF THE PREFERRED transmission line is a common and practical way of trans- 

EMBODIMENTS fencing radio firequency dectrical signals between drcuits 

Referring now to the drawings wheaein like reference and antennae and is used herein as an example <rf how the 
numerals refer to like and corresponding parts throughout, Invention can be utilized. Thus the invention described here 
the quadrifilar antenna in accordance with the present inven- «) co«l<* ^ placed very near to nearby drcuits or on iffinted 
tion is generally indicated by numeral 10. Referring to drcuit boards directly where the coupling of signals to the 
FIGURE the quadrifilar antenna 10 comprises a generally antenna can be accomplished without the need for a con- 
elongated non-conducting cylindrical support mbe 12 hav- ventional transmission line. 

ing four conductive elements 14, 16, 18 and 20 supported on Refening now to the drawings, and more particularly to 

an outer surface of tube 12 so as to make the antenna 10 65 FIG. 2, another preferred embodiment of the quadrifilar 

right-hand or left-hand circularly polarized. Although not antenna 10 comprises a generally dongated longitudinal 

shown, it should be envisioned that the elements 14, 16, 18 cylindrical substrate 12 havkg the four conductive dements 
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14, 16, 18 and 20 suppoited on its outer surface and having As shown in FIG. 4, on the first side 32 of the board 24 

mounted at opposite ends two printed circuit boards 22 and is formed a fint c^adtlve element 44 sqiarated from the 

24. As shown in FEG. 2, the conductive elements 14, 16, 18 rectangular partion 38 and the first set 40 and second set 42 

and 20 re^)ecdvely, ace arranged helically around the outer of connecting lines. Refening now to FIG. 5, on the second 

suxf ace of ttK substrate 12 so as to make the antenna 10 5 side 34 of the board 24 is a mictostzip line 28 which 

li^t-hand drculariy polarized Although not shown, it texminates into a second capadtive element 48. Ekments 44 

should be envisioned that the antenna 10 could similarly be 43 Qf t>oard 7A form a parallel plate 

left-hand drculariy polarized capacitor whose function is the same as capadtor 46 in FIG. 

In the preferred embodiment, the cylindrical substrate 12 shown in FIGS. 4 and 5, flie transmission line 36 

is made from a non-conductive material such as gjass, inwardly t^)ers to connect to the rectangular portion 38 and 

fiberglass or the lite haying a dielectric constent that ^^^^ capadtive dement 48 on flie second side 34 of the 

CQir«pon<btothe wi<hh,le^^ board 24, whcrdn the transmission line 36 is tapered sddy 

i^TV^f^"" Zfl^in^S'Z^^:^^^ for medianical reasons for bending Ae flerihlc printed 

^^Ji"*^ drcmtboard24away fiomthecotSjctivedements 14, 16, 

KtfSSiS'asTr^^^^ - }'^'''^^^^ 

atubularshapcandmayhaveaoossscctionwhidiisdthcr the aiitenna radiation imtt^rn, T^piwiOy^^ the prefmcd 

circular or Muate. However, it should be wdl understood embodiment the transmission hne 36 will have an mq>ed- 

that the substrate material can be varied without deviating ance of 50 dmjs aUowing the antenna 10 to be fed by a BNC 

firom the teachings of the subject invention. The conductive c(Hmector or coaxial connector. 

dements 14, 16, 18 and 20, rcspectivdy, may be made from 20 Refoxing now to FIGS. 3 fiirongh 5, as mentioned above» 

co{^, silver or like metals and are metal plated onto the the feed Hne 26 suj^Nxrted by the substrate 12 is dectrically 

substrate 12 by any type of coating technique Imown in tfie connected to the conductive band 20 at the tq) point 25 and 

m^allic plating arts. is dectrically connected to the first capadtive dement 44 at 

T^iming now to FIG. 3, the conductive dements 14* 16, 18 the odier end. The feed Hne 26 has a predetennined sh^e 

and20,xefipectivdy,areshowninaplaneinocdertoflirther 25 and position to impedance match the antenna 10 in assoda- 

distinguish certain characteristics unique to the subject tion with the first cs^dtive dement 44 which de(^ricaUy 

invention. As shown in FIGS. 2 and 3, die conductive couples to the second cq>adtive dement 48 wherein the first 

dements 14, 16, 18 and 20, respectively, are paralld and ^ g^cond capadtive dements, 44 and 48 respectfvdy, 

substantially equaHy transv^dy spaced tcom each other piedetermined dimensions f cr matMnQ out the hiduo- 

when plated onto the substrate 12. However, in place of a 30 tanoe of the feed line 

conventional balun, a feed line 26 issiported on &e itaing now to FIGS. 6 and 7, die printed drcoit board 

substrate 12 and is dectnci^ oomiected to one of ^ 22 cono^dses a first shorting Hne 50 foSned on one side 54 

condactiyeban<U20atoneend^ 22 and a second shorting line 52, oppositdy 

to ^^P^^^^^^^^ ^V^fu'h'^'f^^A fonned on the ottier side 56. The first shorting Hne SO is 

moreftilftfd^ 35 to a first set of two of tfie oppositdy disposed 

Is predetamined firoin die desired kputjimpedano^^ conductive dements 14 and 18, on the outer surfiice of tfie 

results in tiie antenna lObemg n^M^ona^^ substrate 12, wherein tfie second shorting line 52 is similarly 

^TJ^""^ tfie need far adjustment and costfy indi- ^ ^ of oppositdy disposed oonduc 

vidual tuning by avoidmg flic complnxites of conventional ^^^^ jO, also lo^ on die outer surface of 

folded, stepped or sphtshiddbahins. ^ tfie substrate 12. AH tfie dectricai oomiections from tiie 

Refeiring now to HGS. 4 and 5, tfioe is shown a first side conducting dements 14, 16, 18 and 20, lespectivdy, to die 

32 and second side 34 of tiie printed circmt board 24, which conductive dements on circuit board 22 and 24 may be 

is used to perform both die power distribution and imped- acconmlished by sddcring or otfier dcctrical attadimcnt 

ance matdiingfOTtfic antenna lO.Thcprintcd circuit board j^g^ns known in the art 

24 copses microstr^ ^.^Z'^^l^^ HG. 8 iUustrates die radiation pattern of an antemiabuUt 

j^ySedtoeadi^ertofo^ ^^^^th^^^^S^ 

line 36 which serves the same purpose as transmission line ^ w?cu uic ui - . o 1 rrVi a 

• rrrr* < r-L - * ^rr* A »t ^^^A 1A r« tfic maximum arcular polarized gam is 2.1 dBic FIG. 9 

36 m FIG. 1. TXinune now to FIG. 4, the ground plane 30, 50 ,„ ^ ^ j ^ 71 » ^ /r^t 

on the tost side 32 cf the board 24 coWddng transmission ■^"^'^ fite 80 d^e off zenith conic pattern of the same 

line 36 terminates into the midsectionTa |eneraUy lect- antenna, ,«h««anteir^x^ at OOdcgiees 

, —r^a Ji. ^^ZTZm jr»n«- .fc. having an axial ratio of 2.8 dB and a cocular pdanzed gain 

angular portion 38, ttiecoranon section coupling Ae two 8 impedance and 

helloes, centeredonttieboard24.TherectangalarpotUon3« wTiiirVi^ .^^^ xh* 

«. - .a_..^^A.-j _.>k « return loss for this antenna With a ViWK or i.l3:l. Ine 

hasatetset4»andasecondset«ofromiec^ 33 abovedataindicatesthattheantennaofthepresentinvention 

set of connecting lines 40 and 42, heme dectrically con- oiA«suatamuiv<i««ii«iu».. «j»i.miau^ 

nectedtoarespeSiyeoneoftheconductingelementsl4,W, ^'^tJ°'^'^^^^ conventionally designed 
18 and 20, serving the same pmpose as described in FKj. 1. 

For electrical characteristic purposes, such as frequency FUrdieimore, since die antenna is practically matdicd at 

bandwiddi, the first set 40 of tfic connecting lines have a 60 50 ohms around tfictworesonance frequences, tfic feed line 

different electrical lengdi, translating into two different ^ association with tfie printed circuit technology does not 

resonant frequences, tfian tiie second set 42 of connecting necessitate any specific assembly for additiond matching, 

lines, and is a matter of design dioice. Even though in die ™s the antenna from tiie drawbadcs of conventional 

preferred embodiment, tfie connecting lines are shown as quadrifilar antenna designs. 

straight, it may be envisioned that the connecting lines may 65 There has been described and illustrated herein, an 

dso meander to d>tain longer dectrical lengths as noay the improved quadrifilar antenna formed by printed circuit 

conductors 14, 16, 18 and 20, respectivdy. boards whldi can be relatively accuratdy formed and mass 
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produced with predetemuned shapes and dimensions, such 
diat reLatively little, if any^ adjustment is required to obtain 
an antenna having hig^ reproducibility of dectromagnetic 
cfaatactcnstics. 

While paiticular embodiments of the invention have been 
described, it is not intended that the invention be limited 
exactly thoeto, as it is intended that the invention be as 
broad in scope as the art will pcnnit. The foregoing dcscri|>- 
tion and drawings will suggest other embodiments and 
variations within the scope of the claims to those skilled in 
the art, all of which are intended to be included in the spirit 
of the invention as herein set forth. 

What is claimed is: 

1. An antenna comprising: 

a plurality of conductive elements, said plurality of con- 
ductive elements defining a plurality of helically 
twisted loops, said helically twisted loops eadi having 
a different electrical lengdi and electrically connected 
to each other through a shared common segment; and 
an unbalanced transmission line having a first and a 
second conductor, said first conductor connected to a 
first end of a c^>acitor, said capacitor having a second 
end cormected through a conductor to a tE^ point on at 
least one of said conductive elements and said second 
conductor connected to a midpoint of a common con- 
ductor section for performing iiiq»edancc matching, 
electrical phasing, coupling and power distribution of 
said antenna. 

% An antenna acc(Hding to daim 1, wherein said plurality 
of conductive elements indudes four conductive dements 
arranged to define a first and second separate helically 
twisted loops, said first helically twisted loop differing in 
dectrical leng^ tiian said second hdically twisted loop, said 
first and second helically twisted loops defining a cylinder of 
constant radius. 

3. An antenna according to daim 2, wherein said plurality 
of conductive elements defining a plurality of hdically 
twisted loops are supported on an outer surface of a gener- 
ally dongated longitudinal non-conducting cylindrical sub- 
strate. 

4L An antenna according to claim 2, Mlierein said four 
conductive elements arranged heUcally along a generally 
cylindrical longitudinal non-conductive substrate and sup- 
ported by said substrate having a first printed drcuit board 
for dectrically connecting said four conductive dements at 
a first end of said substrate, said unbalanced transmission 
line is a second circuit board for electrically connecting said 
four conductive elements for performing both power distri- 
bution and impedance matching of said four conductive 
dements at a second end of said substrate. 

5. An antenna according to daim 4, wherein said second 
printed circuit board having a first and second side, said first 
side defining a mlcrostr^ line and said second side ddlning 
a conducting ground plane, wherdn said mlcrostrip line and 
said ground plane are dectrically coupled to each other to 
form a microstrip transmission line. 

6. An antenna according to claim 5, wherein said ground 
plane on said second side of said second board terminates 
into a midsection of a genoally rectangular portion, said 
rectangular portion defining a first set and a second set of 
connecting lines, each said set of said connecting lines being 
dectrically connected to a respective one of said conducting 
dements wherein said first and said second set of said 
connecting lines having different electrical lengths thereby 
produdng two different resonant frequendes. 

7. An antenna according to daim 6, wherdn said second 
side of said second board defining a first c^acitlve dement 
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sq>arated from said rectangular portion and said second 
board defines a generally straight line tenninatmg into a 
second capadtive dement, \^erein said first and said sec- 
ond capadtive elements form said capacitor. 

5 8. An antenna according to daim 7, wherein said unbal- 
anced transmission line conoprises a feed line electrically 
connected to at least one of said conductive elements at said 
tap point and electrically connected to said first c^acitive 
element at an opposite end, said feed line having a shq>e and 
position to inq>edance matdi said antenna, wherein said first 
c^dtivc dement on said first side of said board electrically 
couples to said second capacitive element on said second 
side of said board, said first and said second capadtive 
element having predetermined dimensions for matching out 

13 said feed lines inductance. 

9. An antenna according to daim 6, wherdn said ground 
plane on said second side of said board inwardly t^>ers to 
said rectangular portion for bending said second printed 
circuit board away from said conductive dements and 

2Q preventing interference with antenna radiation patterns. 

10. An antenna according to daim 41, wherein said first 
printed drcuit board having a first shorting line formed on 
one side of said first board and a second shorting line 
oppositdy formed on an opposing side of said first t>oard, 

25 said first shorting line being connected to a first set of two 
oppositdy disposed conductive dements on said outer sur- 
face of said substrate and said second shorting line being 
connected to a second set of oppositdy disposed conductive 
elements on said outer surface of said substrate. 

3Q 11. An anteima according to daim 1, wherein said unbal- 
anced transmission line comprises a coaxial transmission 
line whoein said first conductor is an inner conductor and 
said second conductor is an outer conductor. 
12. An antenna according to claim 1, wherein said unbal- 

35 anced transmission line comprises a ndcrostr^ transmission 
line. 

1^. An antenna comfvising: 

(a) a generally cylindrical longimdinal non-conductive 
substrate; 

40 G>) conductive elements arranged helically to define 
a cylinder of constant radius longitudinally along said 
substrate and supported by said substrate; 
(c) a first printed circuit board for dectrically connecting 
said conductive dements at a first end of said substrate 
45 and a second drcuit board for dectrically coimecting 
said four conductive dements having a first and second 
side, said first side connected to a first end of a 
c^dtor, said capadtor having a second end connected 
through a conductor to a nap point on at least one of 
50 said conductive elements and sdd second side con- 
nected to a mid^int of a common conductor section 
for p^<s7ning both power distribution and impedance 
matching of said four conducive elements at a second 
end of said substrate. 
55 M. An antenna according to daim 13, wherein said 
second printed circuit board having said first side defining a 
microstrip line and said second side defining a conducting 
ground plane, wh^dn said microstrip line and said ground 
plane are electrically coupled to each other to form a 
60 microstrip transmission Hne; 

15. An antenna according to daim 14, wherein said 
ground plane on said second side of said second board 
termiaates into a midsection of a generally rectangular 
portion, said rectangular portion defining a first set and a 
65 second set of connecting lines, each said set of said con- 
necting lines being dectrically connected to a respective one 
of said conducting elements wherein said first and said 
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second set of said connecting Unes having difitont dectiical 
lengths thereby producing two different resonant frequen- 
cies. 

1^ An antenna according to dalm iS» wherein said 
second side of said second board defining a first cq>adtLvc 5 
element separated from said rectangular portion and said 
first and said second set of said connecting lines, and said 
microstdp line on said first side of said second boaord defines 
a graerally straight line terminating into a second c^adtive 
dement wherein said first and said second capadtive de- 10 
ments fonn a paraUd plate capadtor. 

17. Art antenna according to claim 15, wherein said 
ground plane on said second side of said second board 
inwardly tapers to said rectangular portion for bending said 
second printed circuit board away from said conductive 15 
dements and preventing interference with antenna radiation 
patterns. 

13. An antenna aocotding to daim li$, wherehi said 
second circuit board con^ses a feed line dectrically con- 
nected to at least one of said conductive elements at said XBp 20 
point and electrically connected to said first cq>adtive 
dement at an opposite end, said feed line having a sh^ and 
position to impedance matdi said antenna, wherein said first 
capadtive element on said first side of said board dectrically 
couples to said second capadtive element on said second 25 
side of said board, said first and said second cq)adtive 
dement having predetmnined dimensions fc2r matching out 
said feed lines inductance. 

1^. An antenna according to daim 13, wherein said first 
Iffinted circuit (ward having a first shorting line formed on so 
one side of said first board and a second shoting line 
oppositdy formed on an opposing side of said board, said 
first shorting line being connected to a first set of two 
Ci>positdy disposed conductive dements on said outer sur- 
face of said substrate and said second shotting line being ss 
connected to a second set of oppositdy disposed conductive 
dements on said outer surface of said substrate. 

20. An antenna comf»ising: 

(a) a generally cylindrical longitudinal non-inductive 
sub^rate having a first and second end; ^ 

(b) four conductive elements arranged helically to define 
a cylinder of constant radius longitudiaally along said 
substrate and supported by said substrate; 
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(c) a first printed circuit board having miaostrip lines 
f<ffmed on a first and second side of said first board, 
said nucrostdp line on said first side comprises a 
ground plane terminating into a generally rectangular 
portion, said rectangular portion having a first set and 
second set of connecting lines* each said connecthig 
line being electrically connected to respective one of 
said conducting dements on a first end of said 
substrate, said first set of said connecting lines having 
different electrical lengths than said second set of said 
connecting lines; 

(d) said erst side of said first board bavhig a first c^>ad- 
tive element separated from said rectangular pMon 
and said first and said second set of said connecting 
lines, said microstrip line on said second side defining 
a generally straight line terminathig into a second 
capadtive dement, said first and said second c^dtive 
elements forming a parallel plate capadtor; 

(e) a feed line supported by said substrate and dectrically 
connected to at least one of said conductive dements at 
a t^ point and dectrically connected to said first 
capadtive element at an opposite end, said feed line 
having a shape and position to impedance match said 
anterma, whoein said first capadtive dement dectri- 
cally coiqples to said second capadtive dement on said 
second side of said board, and wherein said first and 
said second cqnadtive dement having predetermined 
dimensions for matdiing out an inductance of said feed 
line; and 

(f) a second printed circuit board having a first shorting 
line formed on one side of said second board and a 
second shorting line oppositdy fonned on an q^slng 
side of said board, said first shorting line being con- 
nected to a first set of two oppositely disposed conduc- 
tive dements on said outer surface of said substrate and 
said second shorting line bdng connected to a second 
set of qypositdy disposed conductive elonents on said 
outer surface of said substrate. 

« <i <i « « 
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ABSTRACT 



An antenna for use at frequencies of 200 MHz and upwards 
has a cylindrical ceramic core with a relative dielectric 
constant of at least 5. and pairs of helical elements extending 
from a feed point at one end of the core to the rim of a 
conductive sleeve adjacent the other end of the core, the 
sleeve acting as a trap for isolating from ground currents 
circulating in the helical elements. To yield helical elements 
of different lengths, the sleeve rim follows a locus which 
deviates from a plane perpendicular to the core axis in that 
it describes a zig-zag path. The helical elements form simple 
helices with approximately balanced radiation resistances. 

13 Claims, 1 Drawing Sheet 
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ANTENNA 

FIELD OF THE INVENTION 

This iavention relates to an antenna for operation at ^ 
frequencies in excess of 200 MHz, and particularly but not 
exclusively to an antenna having helical elements on or 
adjacent the surface of a dielectric core for receiving circu- 
larly polarised signal. Such signals are transmitted by sat- 
ellites of the Global Positioning System (GPS). 

BACKGROUND OF THE INVENTION 

Such an antenna is disclosed in our co-pending British 
Patent /^plication No. 9517086.6, the entire disclosure of 
which is incorporated in this present application so as to 15 
form part of the subject matter of this application as first 
filed. The earUer application discloses a qiiadrifilar antenna 
having two pairs of diametrically opposed helical antenna 
elements, the elements of the second pair following respec- 
tive meandered paths which deviate on cither side of a mean 20 
helical line on an outer cylindrical surface of the core so that 
the elements of the second pair are longer than those of the 
first pair which follow helical paths without deviation. Such 
variation in the element lengths makes the antenna suitable 
for transmission or reception of circularly polarised signals. 25 

The applicants have found that such an antenna tends to 
favour reception of elliptically rather than circularly 
polarised signals, and it is an object of the present invention 
to provide for enhanced reception of circularly polarised 
signals. 

SUMMARY OF THE INVENTION 

According to this invention, an antenna for operation at 
frequencies in excess of 200 MHz comprises a substantially 35 
cylindrical electrically insulative core of a material having a 
relative dielectric constant greater than 5, with the material 
of the core occupying the major part of the volume defined 
by the core outer surface, a feeder structure extending 
axially through the core, a trap in the form of a conductive 40 
sleeve encircling part of the core and having a ground 
connection at one edge, and first and second pairs of antenna 
elements eadi connected at one end to the feeder structure 
and at the other end to a Unking edge of the sleeve, the 
antenna elements of the second pair being longer than those 45 
of the first pair, wherein the antenna elements of both pairs 
follow respective longitudinally extending paths, and the 
said linking edge follows a non-planar path around the core, 
the antenna elements of the first pair being joined to the 
linking edge at points which are nearer to the connections of 50 
the elements to the feeder structure than are the points at 
which the antenna elements of the second pair are joined to 
the hnking edge. The longitudinally extending paths are 
preferably helical paths, each element subtending the same 
angle of rotation at the core axis, e.g. 180** or a half turn. In 55 
this way it is possible to avoid deviations of the longer 
antenna elements from the respective helical paths, thereby 
yielding more balanced radiation resistances for the antenna 
elements and consequent improved performance with cir- 
cularly polarised signals. go 

The core may be a cylindrical body which is sofid with the 
exception of a nanow axial passage housing the feeder 
structure. Preferably, the volume of the solid material of the 
core is at least 50 percent of the internal volume of the 
envelope defined by the antenna elements and the sleeve, 65 
with the elements lying on an outer cylindrical surface of the 
core. The elements may comprise metallic conductor tracks 
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bonded to the core outer surface, for example by deposition 
or by etching of a previously applied metallic coating. 

For reasons of physical and electrical stability, the mate- 
rial of the core may be ceramic, e.g. a microwave ceramic 
material such as a zirconium-titanate-based material, mag- 
nesium calcium titanate, barium zirconium tantalate, and 
barium neodymium titanate, or a combination of these. The 
preferred relative dielectric constant is upwards of 10 or, 
indeed, 20, with a figure of 36 being attainable using 
zirconium-titanate-based material. Such materials have neg- 
ligible dielectric loss to the extent that the Q of the antenna 
IS governed more by the electrical resistance of the antenna 
elements than core loss. 

AparticTilarly preferred embodiment of the invention has 
a cylindrical core of solid material with an axial extent at 
least as great as its outer diameter, and with the diametrical 
extent of the solid material being at least 50 percent of the 
outer diameter. Thus, the core may be in the form of a tube 
having a comparatively narrow axial passage of a diameter 
at most half the overall diameter of the core. The iimer 
passage may have a conductive lining which forms part of 
the feeder structure or a screen for the feeder structure, 
thereby closely defining the radial spacing between the 
feeder structure and the antenna elements. This helps to 
achieve good repeatability in manufacture. The helical 
antenna elements are preferably formed as metallic tracks on 
the outer surface of the core which are generally 
co-extensive in the axial direction. Each element is con- 
nected to the feeder structure at one of its ends and to the 
sleeve at its other end, the connections to the feeder structure 
being made with generally radial conductive elements, and 
the sleeve being common to all of the helical elements. The 
trap produces a virtual ground for the antenna elements at 
the linking edge. The radial elements may be disposed on a 
distal end surface of the core. 

The preferred embodiment has antenna elements with an 
average electrical length of X/2, but alternative embodiments 
are feasible having electrical lengths of e.g. X/4, 3X/4, X and 
other multiples of X/4, which produce modified radiation 
patterns. 

Advantageously the helical elements extend proximally 
from the distal end of the core to the conductive sleeve 
which extends over part of the length of the core from a 
connection with the feeder structure at the proximal end of 
the core. In the case of the feeder structure comprising a 
coaxial line having an inner conductor and an outer screen 
conductor, the conductive sleeve is connected at the proxi- 
mal end of the core to the feeder structure outer screen 
conductor. 

Using the above-described features it is possible to make 
an antenna which is extremely robust due to its small size 
and due to the elements being supported on a solid core of 
rigid material. Such an antenna can be arranged to have a 
low-horizon omni-directional response with robiistness suf- 
ficient for use as a replacement for patch antennas in certain 
applications. Its small size and robustness render it suitable 
also for unobtrusive vehicle mounting and for use in hand- 
held devices. It is possible in some circumstances even to 
mount it directly on a printed circuit board. 

The longitudinal extent of the antenna elements, i.e. in the 
axial direction, is generally greater than the average axial 
length of the conductive sleeve. Typically the average axial 
length of the antenna element is twice that of the sleeve, and 
the diameters of the elements and the sleeve are the same 
and in the range of from 0.15 to 0,25 times the combined 
length of the antenna elements and the sleeve. Preferably, the 
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average axial length of the sleeve is not less than 0.35 times 
the average axial length of the antenna elements. The 
difference in axial length between the antenna elements of 
the first pair and those of the second pair is generally less 
than one half of their average length and preferably in the 
range of from 0.05 to 0.15 times their average length. 

The antenna maybe manufactured by forming the antenna 
core £rom the dielectric material, and metallising the exter- 
nal surfaces of the core according to a predetermined pat- 
tern. Such metallisation may inchide coating external sur- 
faces of the core with a metallic material and then removing 
portions of the coating to leave the predetermined pattern, or 
alternatively a mask may be formed containing a negative of 
the predetermined pattern, and the metallic material is then 
deposited on the external surfaces of the core while using the 
mask to mask portions of the core so that the metallic 
material is applied according to the pattern. Other methods 
of depositing a conductive pattern of the required form can 
be used. 

A particularly advantageous method of producing an 
antenna having a trap or balun sleeve and a plurality of 
antenna elements forming part of a radiating element 
structure, comprises the steps of providing a batch of the 
dielectric material, making from the batch at least one test 
antenna core, and then forming a balun structure, preferably 
without any radiating element structure, by metallising on 
the core a bahin sleeve having a predetermined nominal 
dimension which affects the firequency of resonance of the 
balun structure. The resonant firequency of this test resonator 
is then measured and the measured frequency is used to 
derive an adjusted value of the balun sleeve dimension for 
obtaining a required bahin structure resonant frequency. The 
same measured frequency can be used to derive at least one 
dimension for the helical antenna elements to give a required 
antenna elements frequency characteristic. Antennas manu- 
factured from the same batch of material are then produced 
with a sleeve and antenna elements having the derived 
dimensions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIG. 1 is a perspective view of an antenna in accordance 
with the invention; and 

FIG. 2 is a diagrammatic axial cross-section of the 
antenna. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to the drawings, a quadrifilar antenna in accor- 
dance with the invention has an antenna element structure 
with foiir longitudinally extending antenna elements lOA, 
lOB, IOC, and lOD formed as metallic conductor tracks on 
the cylindrical outer surface of a ceramic core 12. The core 
has an axial passage 14 with an inner metallic lining 16, and 
the passage houses an axial feeder conductor 18. The inner 
conductor 18 and the lining 16 in this case form a feeder 
structure for connecting a feed line to the antenna elements 
lOA-lOD. The antenna element structure also includes 
corresponding radial antenna elements lOAR, lOBR, lOCR, 
lODR formed as metallic tracks on a distal end face 12D of 
the core 12 connecting ends of the respective longitudinally 
extending elements lOA-lOD to the feeder structure. The 
other ends of the antenna elements lOA-lOD are connected 
to a common virtual ground conductor 20 in the form of a 
plated sleeve surrounding a proximal end portion of the core 
12. This sleeve 20 is in turn connected to the lining 16 of the 
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axial passage 14 by plating 22 on the proximal end face 12? 
of the core 12. 

As will be seen from FIG. 1, the four longitudinally 
extending elements lOA-lOD are of different lengths, two of 
^ the elements lOB, lOD being longer than the other two lOA, 
IOC by virtue of extending nearer the proximal end of the 
core 12. The elements of each pair lOA, IOC; lOB, lOD are 
diametrically opposite each other on opposite sides of the 
core axis. 

In order to maintain approximately uniform radiation 
resistance for the helical elements lOA-lOD, each element 
follows a simple helical path. Since each of the elements 
lOA-lOD subtends the same angle of rotation at the core 
axis, here 180** or a half turn, the screw pitch of the long 
elements lOB, lOD is steeper than that of the short elements 
lOA, IOC. The upper linking edge 20U of the sleeve 20 is 
of varying height (i.e. varying distance from the proximal 
end face 12P) to provide points of connection for the long 
and short elements respectively. Thus, in this embodiment, 
the linking edge 2GU follows a zig-zag path around the core 
12, having two peaks 20P and two troughs 2((T where it 
meets the short elements lOA, IOC and long elements lOB, 
lOD respectively. 

2j Each pair of longitudinally extending and corresponding 
radial elements (for example lOA, lOAR) constitutes a 
conductor having a predetermined electrical length. In the 
present embodiment, it is arranged that the total length of 
each of the element pairs lOA, lOAR; IOC, lOCR having the 
shorter length corresponds to a transmission delay of 
approximately 135** at the operating wavelength, whereas 
each of the element pairs lOB, lOBR; lOD, lODR produce 
a longer delay, corresponding to substantially 225°. Thus, 
the average transmission delay is 180*^, equivalent to an 
electrical length of }J2 at the operating ^wavelength. The 
differing lengths produce the reqxiired phase shift conditions 
for a quadrifilar helix antenna for circularly polarised signals 
specified in Kilgus, ''Resonant Quadrifilar Helix Design", 
The Microwave Journal, Dec. 1970, pages 49-54. 1\vo of 

^ the element pairs ICC, lOCR; lOD, lODR (i.e. one long 
element pair and one short element pair) are connected at the 
inner ends of the radial elements lOCR, lODR to the iimer 
conductor 18 of the feeder structure at the distal end of the 
core 12, while the radial elements of the other two element 
pairs lOA, lOAR; lOB, lOBR are connected to the feeder 
screen formed by metallic lining 16. At the distal end of the 
feeder structure, the signals present on the inner conductor 
18 and the feeder screen 16 are approximately balanced so 
that the antenna elements are connected to an approximately 
balanced source or load, as will be explained below. 

With the left handed sense of the helical paths of the 
longitudinally extending elements lOA-lOD, the antenna 
has its highest gain for right hand circularly polarised 
signals. 

55 If the antenna is to be used instead for left hand circularly 
polarised signals, the direction of the helices is reversed and 
the pattern of connection of the radial elements is rotated 
through 90**. In the case of an antenna suitable for receiving 
both left hand and right hand circularly polarised signals, the 

60 longitudinally extending elements can be arranged to follow 
paths which are generally parallel to the axis. 

The conductive sleeve 20 covers a proximal portion of the 
antenna core 12, thereby surrounding the feeder structure 16, 
18, with the material of the core 12 filling the whole of the 

6S space between the sleeve 20 and the metallic lining 16 of the 
axial passage 14. The sleeve 20 forms a cyUnder having an 
average axial length 1^ as show in FIG. 2 and is connected 
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to the lining 16 by the plating 22 of the proximal end face described above for L-band GPS reception at 1575 MHz 

12P of the core 12. The combination of the sleeve 20 and typically has a core diameter of about 5 mm and the 

plating 22 forms a balun so that signals in the transmission longitudinally extending antenna elements lOA-lOD have 

line formed by the feeder structure 16, 18 are converted an average longitudinal extent (i.e. parallel to the central 
between an unbalanced state at the proximal end of the 5 axis) about 16 mm. The long elements lOB, lOD are about 

antenna and an approximately balanced state at an axial ^ 5 mm longer than the short elements lOA, IOC. The width 

position generally at the same distance from the proximal of the elements lOA-lOD is about 0.3 mm At 1575 MHz, the 

end as the upper linking edge 20U of the sleeve 20. To ^^^S^,*^ ^^.^^^ ^jj ^ typically in the region of 8 mm. 

achieve this eflfect, the average sleeve length 1^ is such that, dimensions of the antenna elements lOA-lOD can 

. - J 1 • 7 • f r 1 *• 1 be determmed m the design Stage on a tnal and error basis 
m toe presence of an underlying core mat^^^^ lO ^^.^aking eigenvalue delay measurements until the 

high relative dielectric constant, the balun has an average J^^^ phase difference is obtained, 

electncal length of V4 at the operating frequency of the ^^^^^ ^ ^^^^ ^^^^^^^ ^ manufactured is 

antenna. Since the core matena of the antemia has a described in the above-mentioned copending application 

foreshortemng effect, and the annular space surrounding the 9517086.6 published asGB2292638Aon Feb. 28, 1996, 
mner conductor 18 is filled with an msulating dielectnc 15 ^jjj described in U.S. patent appUcation Ser. No. 08/351, 

material 17 having a relatively small dielectric constant, the ^31^ pec. 6, 1994 at pages 12 through 16 and 18 

feeder structure distally of the sleeve 20 has a short electrical through 19 which are incorporated by reference, 

length. Consequently, signals at the distal end of the feeder Alternatively, the methods of manufacnire disclosed in U.S. 

structure 16, 18 are at least approximately balanced. (The patent application Ser. No. 08/707,947 filed Sep. 10, 1996, 
dielectric constant of the insulation in a semi-rigid cable is 20 at pages 8 through 12 of which arc incorporated by reference 

typically much lower than that of the ceramic core material may also be used, 

referred to above. For example, the relative dielectric con- What is claimed is: 

stant of PTFE is about 2.2.) 1. An antenna for operation at frequencies in excess of 

The 'applicants have found that the variation in length of }^ MHz, comprising a substantially cyHndrical elcctricaUy 
the sleeve 20 from the mean electrical length of W has a 25 msulatiye core of a materia havmg a relative dielectnc 

comparatively insignificant effect on the performance of the ^"^^^.^ .^^^^ 5, with the matenal of the core 

. ^ * r J 1- *t- 1 J occupymg the major part of the volume denned by the core 

aniemia. We trap formed by the sleeve 20 provides an , ..^^^^ .^^^ing axially through 

annular path along the hnkmg edge 20U for currents ^ ^ „f ^ conductive sleeve encircling 

between the elements lOA-lOD effectively formmg two panof the core and having a ground connection at one edge, 

loops, the first with short elements lOA, IOC and the second 30 ^^^^ antenna elements each con- 

with the long elements lOB. lOD. At quadrifilar resonance j^^f^ ^ ^ the feeder structure and at the other end 

current maxima exist at the ends of the elements lOA-lOD |o a linking edge of the sleeve, the antenna elements of the 

and in the linking edge 20U, and voltage maxima at a level seccmd pair being tongjer than those of the first pair, wherein 

approximately midway between the edge 20U and the distal the antenna elements of both pairs follow respective longi- 

end of the antemia. The edge 20U is effectively isolated fiom tudinally extending paths, and the said linking edge follows 

the ground connector at its proximal edge due to the approxi- a non-planar path around the core, the antenna elements of 

mate quarter wavelength trap produced by the sleeve 20. the first pair being joined to the linking edge at points which 

The antenna has a main resonant frequency of 500 MHz "e nearer to the connections of the elements to the feeder 

or greater, the resonant frequency being determined by the structure than are the pomts at which the antaina elements 
effective electrical lengths of the antenna elements and. to a « of the second pair are jomed to the Lnking edge. 

lesserdegree.bytheir^dth.Hielengthsoftheelements,for , 2. An an enna ac«.rdmg to claim 1, wherein each of the 

a given frequency of resonance, ate also dependent on the longimdniaUy extending antenna element foUo^ a respec- 

relative dielectric constant of the core material, the dimen- ""Z ^^^^i^'^ "^'^ ^ core, and the angle 

sions of the antenna being subslantiaUy reduced with respect subtended by the two respective ends of each said antenna 

c;™;i.,i« or.f^,^»o element at the core axis is the same m each case, 

to an air-cored similarly constructed antenna. ^. ^ ...i-^i. - 

^ , ^* . . . 3. An antenna according to claim 2, wherem each of the 

The preferred material for the core 12 is zirconium- ^^^^ ^j^^^^^^jg ^^^^^^^ ^ ^um around the core axis, the 

titanate-based material. This material has the above- connections between the elements and the feeder structure 

mentioned relative dielectric constant of 36 and is noted also ^ common plane perpendicular to the core axis, and 

for its dimensional and electncal stabihty with varying ^^^^^^^ ^-^^^ ^^^^^^^ the first pair is 

temperamre. Dielectric loss is negligible. The core may be ^^^^^^^ ^^^^ elements of the second pair, 

produced by extrusion or pressmg. ^ ^ ^^j^enna according to claim 1, wherein the hnldng 

The antenna elements lOA-lOD, lOAR-lODR are metal- edge of the trap follows a zig-zag path around the core with 

lie conductor tracks bonded to the outer cylindrical and end the elements of the first and second pair being joined at 
surfaces of the core 12, each track being of a v/idth at least 55 peaks and troughs respectively of the linking edge, 

four times its thickness over its operative length. The tracks 5. An antenna according to claim 1, wherein the ground 

may be formed by initially plating the surfaces of the core connection edge of the trap lies in a plane perpendicular to 

12 with a metallic layer and then selectively etching away the core axis and the average axial length of the sleeve 

the layer to expose the core according to a pattern applied in forming the trap is at least approximately X/4, where X is the 
a photographic layer similar to that used for etching printed go operating wavelength at the interface between air and the 

circuit boards. Alternatively, the metalUc material may be dielectric material of the core, 

applied by selective deposition or by printing techniques. In 6. An antenna according to claim 1, which is quadrifilar, 

all cases, the formation of the tracks as an integral layer on having a single first pair and a single second pair of antenna 

the outside of a dimensionally stable core leads to an antenna elements. 

having dimensionally stable antenna elements. 55 7. An antenna according to claim 1, wherein the trap and 

With a core material having a substantially higher relative the antenna elements are integrally formed on the cylindrical 

dielectric constant than that of air, e.g. e^=36, an antenna as outer surface of the core. 
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8. An aDtenna according to claim 1, wherein the antenna 
elements of the first and second pairs are connected to the 
feeder structure by respective radial elements on a planar 
end surface of the core, and wherein the ground connection 
of the trap is formed by a conductive layer formed on the 
other end surface of the core. 

9. An antenna according to claim 8, wherein the feeder 
structure is a coaxial transmission line, each of the said 
antenna element pairs having one element connected to an 
inner conductor of the feeder structure and one element 
connected to an outer conductor of the feeder structure, and 
wherein the outer conductor is joined to the said conductive 
layer. 

10. An antenna according to claim 1, wherein the average 
axial length of the antenna elements is greater than the 
average axial length of the conductive sleeve. 



9,621 

8 

11. An antenna according to claim 10, wherein the aver- 
age axial length of the antenna element is, at least 
approximately, twice the average axial length of the sleeve, 
and the diameter of the elements and the diameter of the 

5 sleeve are the same and in the range of from 0.15 to 0.25 
times the combined length of the antenna elements and the 
sleeve, 

12. An antenna according to claim 10, wherein the ratio of 
the average axial length of the antenna elements to the 
average axial length of the sleeve is less than or equal to 
1:0.35. 

13. An antenna according to claim 1, wherein the differ- 
ence in axial length between the antenna elements of the first 
pair and those of the second pair is less than one half of their 
average length. 

4 * « 4> ♦ 
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[57] ABSTRACT 

A quadrifilar helix antenna system capable of providing a 
positive gain, quasi-hemispherical antenna pattern over 
widely separate transmit and receive frequency bands. This 
new antenna system comprises concentrically ananged, but 
electrically isolated, transmit and receive quadrifQar helix 
antennas, each of which comprises two bifilar helices 
arranged orthogonally and excited in phase quadrature. In 
the preferred embodiment, the antenna elements forming 
each bifilar helix are short-circuited at their distal ends, and 
energy is induced from the receive antemia and coupled to 
the transmit antenna via receive and transmit 90° hybrid 
couplers which are electrically connected to the bifilar loops 
of the respective receive and transmit antennas. Also pro- 
vided are switches or other disconnection means which are 
used to electrically isolate the transmit antenna during 
periods when the antenna is receiving a signal and to 
electrically isolate the receive antenna during periods of 
transmission. In the preferred embodiments, these discon- 
necting means are implemented as PIN diodes or radio 
frequency Gallium arsenide field effect transistor switches. 

23 Claims, 4 Drawing Sheets 
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DUAL FREQUENCY BAND QUABMFILAR 
HELIX ANTENNA SYSTEMS AND METHODS 

FIELD OF THE INVENTION 

The present invention relates generally to antenna systems 
for user terminal handsets. More particularly, the present 
invention relates to quadrifilar helix antenna systems for use 
with mobile telephone user handsets. 

BACKGROUND OF THE INVENTION 

Cellular and satellite commxmication systems are well 
known in the art for providing a communications link 
between mobile telephone users and stationary users or other 
mobile users. These communications links may carry a 
variety of different types of information, including voice, 
data, video and facsimile transmissions. In typical cellular 
systems, wireless transmissions from mobile users are 
received by local, terrestrial based, transmitter/receiver sta- 
tions. These local base stations or "cells" then retransmit the 
mobile user signals, via either the local telephone system or 
the cellular system, for reception by the intended receive 
terminals. 

Many cellular systems rely primarily or exclusively on 
line-of-sight communications. In these systems, each local 
transmitter/receiver has a limited range, and consequently, a 
large number of local cells may be required to provide 
communications coverage for a large geogr£^hic area. The 
cost associated with providing such a large number of cells 
may prohibit the use of cellular systems in sparsely popu- 
lated regions and/or areas where there is limited demand for 
cellular service. Moreover, even in areas where cellular 
service is not precluded by economic considerations, "black- 
out" areas often arise in terrestrial based cellular systems 
due to local terrain and weather conditions. 

As such, it has been proposed to provide a combined, 
half-duplex, cellular/satellite communications network that 
integrates a limited terrestrial based cellular network with a 
satellite communications network to provide communica- 
tions for mobile users over a large geographical area where 
it may be impractical to provide cellular service. In the 
proposed system, terrestrial based cellular stations would be 
provided in high traffic areas, while an L-Band sateUite 
communications network would provide service to remain- 
ing areas. In order to provide both cellular and satellite 
communications, the user terminal handsets used with this 
system would include both a satellite and a celhilar trans- 
ceiver. Such a combined system could provide full commu- 
nications coverage over a wide geographic area without 
requiring an excessive number of terrestrial cells. 

In this proposed system, which is known as the Asian 
Cellular SatelHte System, the satellite network would be 
implemented as one or more geosynchronous satellites orbit- 
ing approximately 22,600 miles above the equator. These 
satellites could provide spot beam coverage over much of 
the far east, including China, Japan, Indonesia and the 
Philippines. In this system, signals transmitted to the satel- 
lite will fall within the 1626.5 MHz to 1660.5 MHz transmit 
frequency band, and the signals transmitted from the satel- 
lite will fall within the 1525 MHz to 1559 MHz receive 
frequency band. 

While integrating satellite and cellular service together in 
a dual-mode system may overcome many of the disadvan- 
tages associated with exclusively terrestrial based cellular 
systems, providing dual-mode user terminal handsets that 
meet consumer expectations regarding size, weight, cost, 
ease of use and communications clarity is a significant 
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challenge. Consumer expectations relating to such physical 
characteristics and communications performance of hand- 
held mobile phones have been defined by the phones used 
with conventional cellular systems, which only include a 

5 single transceiver that communicates with a cellular node 
which typically is located less than 20 miles from the mobile 
user terminal. By way of contrast, the handheld user termi- 
nals which will be used with the Asian Cellular Satellite 
System must include both a cellular and a satellite traos- 

10 ceiver. Moreover, the largp free space loss associated with 
the satellite communications aspect of the system may 
significantly increase the power and antenna gain which 
must be provided by the antenna for the satellite transceiver 
on the user terminal handset, as the signals transmitted to or 

15 from the satellites undergo a high degree of attenuation in 
traveling the 25,000 or more miles that typically separates 
the user handset from the geosynchronous satellites. 

Furthermore, the satellite a^ectsof the network also may 
impose additional constraints on the user terminal handsets. 

20 For instance, the satellite transceiver provided with the user 
terminal handset preferably should provide a quasi- 
hemispherical antenna radiation pattern, in order to avoid 
the need to track a desired satellite. Additionally, the antenna 
which provides this quasi-hemispherical radiation pattern 

25 should transmit and receive a circularly polarized waveform, 
so as both to minimize the signal loss resulting from the 
arbitrary orientation of the satellite anterma on the user 
terminal with respect to the sateUite and to avoid the effects 
of Faraday rotation which may result when the signal passes 

30 through the ionosphere. Moreover, the satellite antenna on 
the handheld transceiver should also have a low front-to- 
back ratio and low gain at small elevation angles in order to 
provide a low radiation pattern noise temperature. 
Additionally, as discussed above, the satellite network trans- 

35 mits signals in one frequency band (the transmit frequency 
subband) and receives signals in a separate frequency band 
(the receive frequency subband) in oider to minimize inter- 
ference between the transmit and receive signals. Thus the 
antenna on the handheld satellite transceiver preferably 

40 provides an acceptable radiation pattern across both the 
transmit and receive frequency subbands. 

In light of the above constraints, there is a need for 
handheld satellite transceivers, and more specifically, 
antenna systems for such transceivers, capable of transmit- 

45 ting and receiving circularly polarized waveforms which 
provide a relatively high gain quasi-hemispherical radiation 
pattern over separate transmit and receive frequency sub- 
bands so as to be capable of receiving signals from, or 
transmitting signals to, satellites which may be located 

50 anywhere in the hemisphere. Moreover, given the handheld 
nature of the user terminals and consumer expectations of an 
antenna which is conveniently small for ease of portability, 
the satellite antenna system capable of meeting the afore- 
mentioned requirements should fit within an extremely small 

55 physical volume. These user imposed size constraints may 
also place limitations on the physical volume required by the 
antenna feed structure and any matching, switching or other 
networks required for proper antenna operation. Thus, for 
instance, in the Asian Cellular Satellite System, the satellite 

60 network link budgets require the satellite antenna system on 
the handheld phone to be capable of providing a net gain of 
at least 2 dBi over all elevation angles exceeding 45*, where 
the net gain is defined as the actual gain or "directivit/* 
provided by the antenna minus any matching, absorption or 

65 other losses incurred in the antenna feed structure. 
Additionally, the antenna must also have an axial ratio of 
less than 3 dB while providing good front to back ratio over 
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the entire receive frequency subband. These performance Quadrifilar antennas have previously been used in a 

characteristics must be provided by an antenna which, along number of mobile L-Band satellite communication 

with any associated impedance matching circuits or other applications, including INMARSAT, NAVSTAR, and GPS. 

components, fits within a cylinder 13 centimeters in length However, nearly all these prior art antennas were physically 

and 13 miUimetere in diameter. 5 much too large to satisfy the size requirements of emerging 

Helix antennas, and in particular, multifilar helix satellite phone applications. Moreover, these prior art anten- 

antennas, are relatively small antennas that are well suited nas also generally do not meet the size constraints imposed 

for various applications requiring circularly polarized wave- these emerging applications while also providing the 

forms and a quasi-hemispherical beam pattern A heUx gain^ axial ratio, noise temperature, front-to-back ratio and 

antenna is a conductmg wire wound m the form of a screw broadband performance that are required by these emerging 

thread to form a helix. Such hehx anteimas are typical y fed ^c^^^^. Accordingly, a need exists for a new, signifi- 

by a coaxia cable transmission Ime which is connected at /^^ ^^^^ satellite phone antenna system that is capable 

the base of the helix. A multifilar heluf antennas IS a helix <? • iT • u • 1 ♦ 

antenna which includes more than one radiating element. PT«^1« » quasi-hem^bencal antenna pattern with 

Each element of such a multifilar helix antenna is generaUy P'fJ"^' «^ '*P^*»'= '"o^' frequency 

fed with an equal amplitude signal that is separated in phase subbands. 

by 36(f/N, where N is the number of radiating antenna ctn/i\AAi>v nc tu-d r^nmsmntj 

elements. As the phase separation between adjacent ele- SUMMARY OF TOE INVENTION 

ments varies firom 360^, the antenna pattern provided by In view of the above limitations associated with existing 

the multifilar helix antenna tends to degrade significantly. antenna systems, it is an object of the present invention to 

Accordingly, the feed structure which couples the signals 20 provide physically small quadrifilar helix antenna systems 

between the elements of a multifilar helix antenna and the for satellite and cellular phone networks 

transmitter/receiver preferably introduces minimal or no ^^^^^ ^^.^^ ^^^^^^^ ^ .^^ 3 

phase distortions so that such degradaUon of the antenna j^filar heUx antenna system capable of providing a 

pattern is mmunized or prevented. j- .* '.u • • 1. • u • 1 

. ^ p T-n, t 1. . t , radiation pattern with a positive gain, quasi-hemisphencal 

Acommon type or multinlar helix antenna is the quadrin- 25 *««^J«;* *vL,»-«^,. 

1 i_ 1- J CI i_ 1- * 1 ? 1 radiation pattern at separate transmit and receive frequency 

lar helix. The quadrifilar helix antenna is a circularly polar- ^ i ^ 

ized antenna which includes four orthogonal radiating ele- 
ments arranged in a helical pattern (which may be fractional It is stiJl a further object of the present invention to 
turn), which are excited in phase quadrature (i.e., the radi- provide a quadrifilar helix antenna system for satellite and 
ated energy induced into or from the individual radiating 30 celhilar phones that has a simplified feed structure and that 
elements is oflfeet by 90** between adjacent radiating minimizes the phase distortions introduced in die feed 
elements). network. 

Quadrifilar helix antennas can be operated in several These and other objects of the present invention are 

modes, including axial mode, normal mode or a proportional provided by antenna systems which use switched concentric 

combination of both modes. To achieve axial mode 35 transmit and receive quadrifilar heUx antennas to provide 

operation, the axial length of each antenna element is half-duplex communications over separate transmit and 

typically several times larger than the wavelength corre- receive frequency bands. These antenna systems capitalize 

sponding to the center frequency of the frequency band over 0° the size, gain, polarization, and radiation pattern charac- 

which the antenna is to operate. Operated in this mode, a teristics achievable with quadrifilar helix antennas, while 

quadrifilar helix antenna can provide a relatively high gain 40 avoiding the bandwidth limitations of such antennas, 

radiation pattern. However, such a radiation pattern is highly through the use concentrically arranged, yet decoupled, 

directional (i.e., it is not quasi-hemispherical) and hence transmit and receive antennas. 

axial mode operation is typically not appropriate for satellite In a preferred embodiment of the present invention, 

communications terminals that do not include means for concentrically arranged transmit and receive quadrifilar 

tracking the satellite. 45 helix antennas are provided, each of which comprise two 

Operated in the normal mode, each helix of a quadrifilar bifilar helices arranged orthogpnally and excited in phase 

helix antenna is typically balun fed at the top, and the helical quadrature. These antennas are each associated with cou- 

arms arc typically of resonant length (i.e., %\, or X pling means, which electrically connect the transmit and 

in length, where X is the wavelength corresponding to the receive antennas to the transmitter and receiver, re^ectively. 

center frequency of the frequency band over which the 50 Also provided are a pair of disconnecting means, the first of 

antenna is to operate). These elements are wound on a small which electrically isolates the transmit quadrifilar helix 

diameter with a large pilch angle. In this mode, the antenna antenna from the receiver when the user terminal is in 

typically provides the quasi-hemispherical radiation pattern receive mode, and the second of which similarly isolates the 

necessary for mobile satellite communications, but receive quadrifilar helix antenna from the transmitter during 

unfortunately, the antenna only provides this gain over a 55 periodsof transmission. These antenna disconnecting means 

relatively narrow bandwidth situated about the resonant may comprise a plurality of switching means interposed 

frequency. Moreover, the natural bandwidth of the antenna along each electrical connection between each quadrifilar 

is proportional to the diameter of the cylinder defined by the helix antenna and the transmitter/receiver. Such switches 

quadrifilar helix antenna, and thus, all else being equal, the could comprise PIN diodes, gallium arsenide field effect 

smaller the antenna the smaller the operating bandwidth. As 60 transistors, or other electrical, electrical mechanical, or 

discussed above, certain emerging cellular and satellite mechanical svntching mechanisms known to those of skill in 

phone applications have relatively large transmit and receive the art. 

operating bandwidths. These bandwidths may approach or In another embodiment of the present invention, the 

even exceed the bandwidth provided by quadrifilar helix antenna coupling means comprise 90* hybrid couplers. In 

antennas operated in normal mode, and this is particularly 65 this embodiment, the transmit and receive quadrifilar helix 

true where other system requirements significantly restrict antennas each may comprise a first filar coupled at its origin 

the maximum diameter of the antenna. to one of the output ports on the antennas respective 90° 
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hybrid coupler, a second filar coupled at its origiD to the An embodiment of a handheld wireless oommunications 

other output port of the 90° hybrid coupler, and third and terminal 10 according to the present invention is illustrated 

fourth filars which are coupled at their origin to a reference in FIG. 1. Terminal 10 generally comprises an antenna 

voltage, and wherein the first and third filars and the second system 18, a transmitter 12, a receiver 14 and a user interface 

and fourth filars are electrically connected at their distal 5 1^- As illustrated in FIG, 1, the antenna system 18 of the 

ends. In this embodiment, the quadrature input to these 90° handheld terminal 10 employs dual quadrifilar helix anten- 

hybrid couplers is also typically connected to the reference °as 20. 40 to provide for dual band, half-duplex wireless 

voltage through a 50 ohm resistor. communications. In a preferred embodiment, antenna sys- 

In yet another embodiment of the present invention, the ^l?? i^°n>orates cont^ntric^ sutetantially overlapping 

transmit quadrifilar heUx antemia is substantially disposed lO "^^^"^^ hehx antennas 20. 40 which are each fed by a 

within the cylinder which is defined by the radiating ele- ^^"^le ^ ^^^"^ a)upler 81, 91 (not shown m FIG. 1) to 

ments of the receive quadrifilar helix antenna. In this P^^«^^ a physicaUy smaU, cost effective antenna system 

embodiment, the bifilar helices forming the transmit capable of meeUng the strmgent gain, bandwi^^^^ 

. ._, . .. . u J- 11 1- J -.1. .u pattern and other requirements of emeigmgcelhilar/satellite 

qiiadnfilar helix antenna may be radially aligned with the ft' 

bifilar helices fonning the receive quadrifilar helix antenna, is P PP • ^ , , , , , 

In another aspect of the present invention, both the transmit , *'P^<^ L ""^ ^'^'^"y q«adnfllar 

and receive quadrifilar helix antemias are configured to ^elix antenna system 100 acoording to the presem mvention 

transmit/receive right hand circularly polarized signals. employs two separate quadrifilar hehx antennas transmit 

Furthermore, each of these filar heUces may comprise a helix ^n'^"!"' 20 and receive antemia 40. Eadi antenna 20. 40 b 

with a pitch angle from about 55 to 85 degrees. 20 coupled to an antenna feed network 80, 90. The transmit 

rr* \* . . c.t. . • feed network 80 feeds a source signal firom transmitter 12 to 

Thus, the antenna systems of the present invention com- • j- ^j. i i . r *u * •* j -fii u v 

. , * * I, A* ^ A the individual elements of the transmit quadrifilar helix 

pnse switched, concentncally arranged transrmt and receive ^^^^^^ ^^^^^^ ^^.^ ^ ^^^^^ 

quadnfilar hehx antemias which provide half^uplex com- ^^^.^^ ^^^.^^^^ ^^^^^^^ ^^^^^ 

mumcauons over separate transmit and receive frequency ^^^^^ ^elix antenna 40 and feeds this combined signal 

bands. These antemia systems provide the gain, bandwidth. I ^^.^^^ Additionally, antenna disconnecting means 

polarization, and radiaUon pattern charac ensUcs riccessary ^^^^ between receive feed network 90 and 

for emergmg mobile satelhte commumca^ions applications. ^^^^^ ^^^^^ ^ disconnecting means 70 are used 

maphysicalpackagewhichisconvementlysmaUa^^ ^ electrically isolate the receive antenna 40 from the 

consumer expectations relatmg to ease of portability. ^^^^^ ^^^^^^ 20, 60, 80, 12 during periods of transmis- 

BRIEF DESCRIPTION OF THE DRAWINGS sion. Similarly, switching means 60 are also provided 

between transmit feed network 80 and transmit anteima 20. 

HG. 1 is a block diagram of a quadnfilar hehx antenna ^^^^ electrically isolate the transmit antenna 20 when the 

system capable of operaUng over two firequency bands handset 10 is operating in receive mode, 

according to the present invention; ^^^^^^ ^y^,^^ ^^p.^^^ ^ j ^^^^ ^ 

FIG. 2 is a perspective view of a pair of concentnc j^^g j^e user handset 10 is in the receive mode, bias 

transmit and receive quadrifilar helix antennas according to ^jg^ai 62 is activated which excites the disconnect means 60 

the present invention; ^ jtie transmit antenna 20 feed path, thereby open circuiting 

FIG. 3 is a schematic diagram illustrating specific the elements of the transmit antenna 20 in order to electri- 

embodiments of the antennas, coupling networks and dis- 40 cally isolate transmit antenna 20 from receive antenna 40. 

connecting mechanisms of the present invention; and Similarly, when user handset 10 operates in the transmit 

FIG. 4 is a perspective view of a pair of concentric mode, bias signal 72 is activated, which excites disconnect 

transmit and receive quadrifilar helix antennas according to means 70 in the receive antenna 40 path in order to electri- 

the present invention with the receive quadrifilar helix cally isolate receive antenna 40 from transmit antenna 20. As 

antenna disposed within the cylinder defined by the transmit 4s will be understood by those of skill in the art. transmit and 

quadrifilar helix antenna. receive disconnect means 60. 70 need not actually provide 

a true open circuit in order to effectively electrically isolate 

DETAILED DESCRIPTION OF PREFERRED ^he antenna which is not in use; they simply need to provide 

EMBODIMENTS sufficient impedance such that only a minimal amount of 

The present invention will now be described more fully 50 energy is coupled into the "OFF" antenna. Various means of 
hereinafter with reference to the accompanying drawings, in providing such an open circuit are known to those of skill in 
which preferred embodiments of the invention are shown. the art, such as reverse biased PIN diodes. Gallium arsenide 
This invention may, however, be embodied in many different field effect transistors, and various other electrical, electro- 
forms and should not be construed as limited to the embodi- mechanical and mechanical switching mechanisms, 
ments set forth herein; rather, these embodiments are pro- 55 As illustrated in FIG. 2, transmit and receive quadrifilar 
vided so that this disclosure will be thorough and complete, helix antennas 20, 40 are each comprised of four radiating 
and will fully convey the scope of the invention to those helical antenna elements 22, 24, 26, 28; 42, 44, 46, 48 or 
skilled in the art. Additionally, while the antenna systems of "filars". A filar is typically implemented as a wire or strip, 
the present invention are particularly advantageous for use such as 22, wrapped in a helical shape along the length of a 
in certain satelhte communications applications, it will be 60 coaxial supporting tube, thereby defining a cylinder of a 
understood by those of skill in the art that these antenna constant diameter and a height equal to the axial length of 
systems may be advantageously used in a variety of the antenna elements which comprise each antenna. Thus 
applications, including cellular, terrestrial based communi- each antenna 20, 40 comprises a pair of bifilar helices. In a 
cations systems, and thus the present invention should not be preferred embodiment, the elements 22, 24, 26, 28; 42, 44, 
construed as limited in any way to antenna systems for use 6S 46, 48 of each quadrifilar helix antenna 20, 40 are excited in 
with satellite communication terminal handsets. Like num- phase quadrature and are physically spaced from each other 
bers refer to like elements throughout. by 90". Note that as used herein, it is intended that the word 
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"helix" not imply a plurality of turns. In particular, a "helix" bifllar loop, with the origin 24a of element 24 connected to 

as used herein may constitute less than one full turn. the second output of the transmit feed network and the origin 

Altemative embodiments within the scope of the present 28fl of element 28 coupled to ground. This embodiment of 

invention include transmit and/or receive quadrifilar helix quadrifilar helix antenna 20 is referred to as a closed loop 

antennas 20, 40 having radiating elements 22, 24, 26, 28; 42, 5 embodiment, as the elements of the antenna are electrically 

44, 46, 48 which are helical in the sense that they each form connected at their distal ends. These are to be distinguished 

a coil or part coil aroimd an axis, but also change in diameter from open-loop quadrifilar helix antennas, which comprise 

from one end to the other. Thus, while the prcferred embodi- four heUcal elements each of which is open-circuited at its 

ment of the transmit and receive antennas 20, 40 have helical distal end. 

elements defining a cylindrical envelope, it is possible to In a preferred embodiment of transmit antenna 20, bifilar 

implement one or both of these antennas to have elements loops 22, 26; 24, 28 are symmetrical. Accordingly, electrical 

defining instead a conical envelope or another surface of connections 151, 153 are preferably implemented as iden- 

revolution. tically shaped conductive wires or strips arranged so as to 

The twist of the individual helices 22, 24, 26, 28; 42, 44, provide the short-circuits which form bifilar loops 22, 26; 

46, 48 may be right hand or left hand, where each element 15 24, 28 while electrically isolating bifilar loop 22, 26 from 

22, 24, 26, 28; 42, 44, 46, 48 comprising a particular antenna bifilar loop 24, 28. Such a symmetrical arrangement of 

20, 40 has the same direction of twist. Where antennas 20, electrical connections 151, 153 minimizes the variation in 

40 are origin fed in endfire mode, by IEEE and industry phase between adjacent elements from the ideal phase offset 

conventions, a left hand twist is generally used to receive of 90**. 

and transmit right hand circularly polarized waveforms, 20 Similarly, on receive quadrifilar helix antenna 40, the 

whereas a right hand twist generally is used to receive and distal ends 426, 46b of elements 42 and 46 are electrically 

transmit left hand circularly polarized waveforms. In a connected via wire or strip 155 to form a first bifilar loop, 

preferred embodiment of the present invention, both the and the distal ends 44/?, 486 or elements 44 and 48 are 

transmit and receive quadrifilar helix antennas 20, 40 are electrically connected via wire or strip 157 to form a second 

configured to transmit and receive like polarized waveforms. 25 bifilar loop. The origin 42a, 44a of elements 42 and 44 are 

The radiation pattern provided by each of the quadrifilar coupled to receive feed network 90 (which in FIG. 3 is 

helix antennas 20, 40 depicted in FIG. 2 is primarily a implemented as 9(f hybrid coupler 91), and the orgins 46a, 

function of the helix diameter, pitch angle (which is a 48fl of elements 46 and 48 are connected to ground. Both the 

function of the number of turns per imit axial length of the transmit and receive antennas 20, 40 may additionally 

helix) and the actual length of the elements which comprise 30 include a radome. In the preferred embodiment, this radome 

the antenna. In a preferred embodiment of the present is a plastic tube with an end cap. 

invention, the helical antenna elements of both the transmit The closed loop embodiment of the quadrifilar helix 

and receive antennas 20, 40 are each approximately K/Z in antenna of the present invention solves a problem that may 

electrical length, where X is the wavelength corresponding to arise when open loop quadrifilar helix antennas are used in 

the center frequency of the transmit (for transmit antenna 35 mobile phone applications. Specifically, in applications 

20) or receive (for receive antenna 40) frequency band. In which require a small antenna diameter, a bottom-fed V4 

this embodiment, antennas 20, 40 preferably have pitch wavelength open loop antenna has a nearly open circuit 

angles from about 55 to 85 degrees. In this preferred range, impedance (1000 ohms or more) at the resonant frequency, 

the lower pitch angles provide more hemispherical Such an impedance may be too large to transform to the 

coverage, while the higher pitch angle values concentrate the 40 desired impedance, which is often on the order of 50 ohms 

radiation pattern (and hence provides greater directivity) as the antennas are typically connected to transmitter 12 and 

over a smaller solid angle than hemispherical coverage for receiver 14 via one or more 50 ohm impedance coaxial 

element lengths on the order of Vi wavelength. Given the cables, and thus maximum power transfer may not be 

specific requirements of the system in which the antennas obtainable as the impedance of the antennas cannot be 

arc to be used, a judicious choice of pitch angle may be made 45 matched to the impedance of the source transmission line, 

to provide the optimum tradeoff between coverage and The resonant resistance of the closed loop bottom-fed X/2 

directivity. These quadrifilar hehx antennas 20, 40 operate in length element quadrifilar helix antenna, on the other hand, 

standing wave mode, providing a quasi-hemispherical radia- is in the region of 4-12 ohms. This may be transformed to 

tion pattern (or perhaps a slightly more directional pattern) the order of 50 ohms to match the impedance of the 

for a relatively narrow bandwidth about the resonant fre- 50 transmission source by known impedance transfonnation 

quency. However, by providing separate transmit and techniques, such as a radio frequency transformer. However, 

receive quadrifilar helix antennas 20, 40, it is possible to use for certain element lengths other than V4 wavelength, such as 

the quadrifilar helix antenna systems of the present invention Va wavelength elements, the open circuit impedance may be 

in mobile satellite communications applications with widely much lower so as to be transformable to the order of 50 

separated transmit and receive frequency subbands. 55 ohms. 

The four individual antenna elements 22, 24, 26, 28; 42, As shown in FIG. 2, in the preferred embodiment of the 
44, 46, 48 that comprise transmit and receive quadrifilar present invention, the transmit and receive quadrifilar helix 
helix antennas 20, 40 each have an origin which is the end antennas 20, 40 are concentrically arranged in an overlap- 
proximate the feed networks, and a distal end. As indicated ping relationship. This can minimize the physical volume of 
best in FIG. 3, the distal ends 22b, 26b of transmit quadrifilar 60 the antenna system 18. Typically, the receive frequency band 
helix antenna elements 22 and 26 are electrically connected encompasses lower frequencies than the transmit frequency 
via wire or strip 151 to form a bifilar loop, with the origin band. As such, in the preferred embodiment, the antenna 
22^ of element 22 connected to the transmit feed network 80 elements 22, 24, 26, 28 forming the transmit quadrifilar helix 
(which in FIG. 3 is implemented as 90** hybrid coupler 81) antenna 20 are shorter than the elements 42, 44, 46, 48 on 
and the origin 26a of element 26 coupled to ground. 65 the receive quadrifilar helix antenna 40 and a similar antenna 
Similarly, the distal ends 246, 286 of elements 24 and 28 are radiation pattern can be achieved with a smaller antenna 
electrically connected via wire or strip 153 to form a second diameter. Thus, in this case, the transmit antenna 20 is 
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typically disposed within the cylinder defined by the receive 
quadrifilar helix antenna 40. However, as illustrated in FIG. 
4, antenna system 10 may also be designed so that receive 
quadrifilar helix antenna 40 is disposed within the cylinder 
defined by the transmit quadrifilar helix antenna 20. As 
shown in FIG. 2, in the preferred embodiment, the elements 
22, 24, 26, 28; 42, 44, 46, 48 of transmit and receive 
quadrifilar helix antennas 20, 40 are radially aligned. Such 
radial alignment serves to minimize couplings between the 
**0N" and "OFF* antennas. 

The elements 22, 24, 26, 28; 42, 44, 46, 48 of transmit and 
receive quadrifilar helix antennas 20, 40 arc preferably 
comprised of a continuous strip of electrically conductive 
material such as copper. These radiating elements 22, 24, 26, 
28; 42, 44, 46, 48 may be printed on a flexible, planar 
dielectric substrate such as fiberglass, TEFLXDN, polyimide 
or the like via etching, deposition or other conventional 
methods. TTiis flexible dielectric base may then be rolled into 
a cylindrical shape, thereby converting the linear strips into 
helical anteima elements 22, 24, 26, 28; 42, 44, 46, 48. 
However, while the technique of forming a quadrifilar heKx 
antenna described above is the preferred method, it will be 
readily apparent to those of skill in the art that transmit and 
receive quadrifilar helix antennas 20, 40 may be imple- 
mented in a variety of different ways, and that a cylindrical 
support structure is not even required. 

As indicated in FIG. 1, transmit and receive feed networks 
80, 90 are provided to phase split the energy for radiation in 
the transmit mode and for combining the received radiated 
energy in receive mode. These feed networks SO, 90 can be 
implemented as any of a variety of known networks for 
feeding a quadrifilar helix antenna, such as the combination 
of a hybrid coupler and two symmetrizer modules disclosed 
in U.S. Pat. No. 5,255,005 to Terret et al. 

Quadrifilar helical antennas such as antennas 20, 40 are 
known to be capable of radiating right or left hand circularly 
polarized signals when fed firom the top in a backfire mode, 
fed in the middle via a selectable up or down mode, or when 
bottom fed in a forward fire reverse twist mode. However, 
top fed versions tend to require sleeve baluns in the center 
of the cyhndrical stmcture, which may be difficult to fabri- 
cate. This is particularly tme at the firequencies required by 
microwave satellite phone user terminals, due to the small 
diameter of the helical antenna structure required by such 
phones. Similarly, center fed quadrifilar helical antennas 
may also be difQcult to fabricate. In a preferred embodiment, 
this invention solves these fabrication problems by using 
origin-fed networks which drives the two closed bifilar 
wavelength loops on each quadrifilar helix antenna 20, 40. 

Such a preferred embodiment of the feed networks 80, 90 
is depicted in FIG. 3. As shown in FIG. 3, each of the feed 
networks 80, 90 is implemented as a 90** hybrid coupler 81, 
91 which is coupled to the bifilar loops which form the 
transmit and receive antennas 20, 40. As illustrated in FIG. 
3, the transmit feed network 80 comprises a single 90° 
hybrid coupler 81, with inputs 82, 84 and outputs 86, 88. 
Input 82 is coupled to the transmission signal source 12 and 
input 84 is coupled to ground through a resistive termination 
89. 

Typically, the transmission signal source 12 is coupled to 
the transmit 90° hybrid coupler 81 through a coaxial cable 
83. Coaxial cable typically has an impedance of approxi- 
mately 50 ohms. In order to maximize the energy transfer 
from the transmission signal source 12 to the transmit 
quadrifilar helix antenna 20, it is preferable to match the 
impedance of the transmission source 12 and the impedance 
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of the transmit antenna 20. Such matching can be accom- 
plished by using known techniques to raise the impedance of 
antenna elements 22, 24 to approximately 50 ohms, and 
implementing resistor 89 as a 50 ohm resistor As the V2 

5 length antenna elements 22, 24, 26, 28 implemented in a 
preferred embodiment of the present invention have a resis- 
tance of approximately 4-12 ohms at resonance, an imped- 
ance transformation of approximately a factor of four is 
necessary to match the impedance of the transmit quadrifilar 

10 helix antenna 20 to the impedance at the input of the transmit 
90° hybrid coupler 81. Those of skill in the art will recognize 
that there are a variety of techniques which can be used to 
accomplish this impedance transformation, such as the use 
of a radio frequency bahin with a four-to-one impedance 

15 transformation or a variety of small surface mount radio 
firequency transformers. 

As illustrated best in FIG. 3, transmit 90° hybrid coupler 
81 divides the input source signal into two, equal amplitude 
output signals, which are ofiEset firom each other by 90** in 

20 phase. Output 86 is coupled to the first of the two X long 
bifilar loops 22, 26 which comprise the transmit quadrifilar 
helix antenna 20, and output 88 feeds the second X long 
bifilar loop 24, 28. 

As also is illustrated in FIG. 3, the receive feed network 
91 is preferably implemented in the exact same manner as 
the transmit feed network 81, except that the receive feed 
network 91 is used to combine and deliver induced power to 
the receiver 14 as opposed to delivering a signal to the 
antenna for radiation. Accordingly, a receive 90° hybrid 
coupler 91 having input ports 96, 98 and output ports 92, 94 
is used to combine the energy received by receive quadrifilar 
helix antenna 40 and deliver this induced power to receiver 
14. Input port 96 of the receive 90° hybrid coupler 91 is 
coupled to the first bifilar loop 42, 46 of receive quadrifilar 
helix antenna 40, and port 98 is coupled to the second bifilar 
loop 44, 48. Output 92 of die receive 90° hybrid coupler is 
coupled to the receiver 14 through a coaxial cable 93, and 
output port 94 is coupled to ground through resistor 99. 

^ As will be readily understood by those of skill in the art, 
90° hybrid couplers 81 and 91 can be implemented in a 
variety of different ways, such as distributed quarter wave 
transmission lines or as lumped element devices. In the 
preferred embodiment, lumped element 90° hybrid splitter/ 

^5 combiners are used as they are typically smaller than cor- 
responding distributed branch line couplers and also main- 
tain a phase difference of almost exactly 90° between their 
two output ports. 
FIG. 3 also illustrates a preferred method of electrically 

50 coupling transmit and receive quadrifilar heUx antennas 20, 
40 to their re^ective feed networks 80, 90. As discussed 
above, in the preferred embodiment both the transmit and 
receive antennas 20, 40 are implemented as a pair of 
wavelength (X) long, electrically connected, bifilar loops. As 

55 shown in FIG. 3, transmit and receive antennas 20, 40 are 
fed by connecting X long loops 22, 26; 42, 46 to the 0° 
input/output of their respective 90° hybrid couplers 81, 91 
and coupling the other bifilar loop 24, 28; 44, 48 to the other 
input/output of the respective 90° hybrid coupler. The ori- 

60 gins of elements 26, 28 of the transmit and quadrifilar helix 
antenna 20, 40, as well as the origins of elements 46, 48 of 
the receive quadrifilar helix antenna are coupled to electrical 
ground. In this manner, during transmission each element of 
the transmit and receive quadrifilar helix antennas 20, 40 are 

65 excited in phase quadrature by equal amphtude signals. 
As shown in FIG. 2, in the preferred embodiment, trans- 
mit and receive quadrifilar helix antennas 20, 40 are imple- 
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mented in a concentric, substantially overlapping arrange- 
ment. While this arrangenocnt minimizes the physical 
dimensions of the antenna system, the close proximity of the 
transmit antenna elements 22, 24, 26, 28 and the receive 
antenna elements 42, 44, 46, 48 provides the possibility that 5 
received energy may be coupled in the transmit antenna 20 
or that energy induced into transmit antenna 20 may be 
coupled into receive antenna 40. Such coupling may be 
undesirable because it reduces the power that is transferred 
to transmit antenna 20 for transmission or that is received 
from receive antenna 40. Moreover, the coupling also can 
adversely impact the radiation patterns of the antennas. 

According to the present invention, it has been discovered 
that transmit and receive quadrifilar helix antennas 20, 40 
can be effectively electrically isolated by open-circuiting the 
elements of the "OFF" antenna. When such an open-circuit 
is provided, the "ON" antenna essentially operates as if the 
"OFF" antenna was not present. In the preferred embodi- 
ment of the present invention, the "OFF' antenna is open 
circuited via switching means 112, 114, 116, 118; 122, 124, 20 
126, 128 which are coupled to each of the elements of 
transmit and receive quadrifilar helix antennas 20, 40 at the 
element origins. These switches are activated by a bias 
signal to provide an open circuit at the origin of each 
element 22, 24, 26, 28 of transmit antenna 20 when user 25 
terminal 10 is in the receive mode, and to provide an open 
circuit at the origin of each element 42, 44, 46, 48 of receive 
antenna 40 when the user terminal 10 is in the transmit 
mode. 

As will be iinderstood by those of skill in the art, 30 
switching means m, 114, 116, 118; 122, 124, 126. 128 can 
be provided by various electrical, electro-mechanical, or 
mechanical switches. However, electrical switches are 
preferred, due to their reliability, low cost, small physical 
volume and ability to switch on and off at the high speeds 35 
required by emerging digital communications modes of 
operation. These electrical switches can readily be imple- 
mented as small surface mount devices on a microelectronic 
substrate such as a stripline or microstrip printed circuit 
board. Preferably, a single microelectronic substrate con- 40 
tains both these switches and the components comprising the 
transmit and receive feed networks. In one embodiment of 
the present invention, switching means 112, 114, 116, 118; 
122, 124, 126, 128 are implemented as PIN diodes. 

A PIN diode is a semiconductor device that operates as a 45 
variable resistor over a broad frequency range from the high 
frequency band through the microwave frequency bands. 
These diodes have a very low resistance, of less than 1 ohm, 
when in a forward bias condition. Alternatively, these diodes 
may be zero or reverse biased, where they behave as a small 50 
capacitance of approximately one picofarad shunted by a 
large resistance of as much as 10,000 ohms. Thus, in forward 
bias mode, the PIN diode acts as a short-circuit, while in 
reverse bias mode, the PIN diode effectively acts as an 
open-circuit. In this embodiment, the PIN diodes are imple- 55 
mented as discrete components coupled to the origin of each 
element of the transmit and receive quadrifilar helix anten- 
nas 20, 40. 

In the PIN diode embodiment, when the communications 
handset 10 is in receive mode, a D.C. bias current is apphed 60 
to each PIN diode in the transmit circuit branch where it 
reverse biases these diodes thereby creating an open circuit 
at the origin of each element 22, 24, 26, 28 of quadrifilar 
helix antenna 20. At the same time, a forward bias current is 
applied to the PIN diodes in the receive circuit branch 65 
creating a lower resistance connection to the receive circuit 
branch. Consequently, the receive circuit branch PIN diodes 



operate in forward bias mode, thereby coupling the elements 
42, 44, 46, 48 of receive quadrifilar helix antenna 40 to 
receiver 14. As will readily be understood by those of skill 
in the art, when communications terminal 10 is operating in 
transmit mode, a zero or reverse bias signal is applied to the 
PIN diodes in the receive circuit branch and a forward bias 
is applied to the PIN diodes in the transmit circuit branch, 
thereby coupling antenna 20 to transmitter 12 and creating 
an open-circuit at the origin of quadrifilar helix antenna 40. 

In an alternative embodiment shown in FIG. 3, Gallium 
arsenide field effect transistors (GaAs FE'ft) are used instead 
of PIN diodes to implement switches 112, 114, 116, 118; 
122, 124, 126, 128. These devices may be preferred over 
PIN diodes because they operate in reverse bias mode when 
a bias signal is absent, thereby avoiding the power drain 
inherent with PIN diodes which require a bias current for 
forward bias operation. Moreover, as shown in FIG. 3, each 
GaAs FET uses an inductor to anti-resonate and therefore 
isolate the switch in the "OFF' mode. This operation sig- 
nificantly increases the electrical isolation of the "OFF* 
circuits. In the "ON" mode, the inductor is rendered desir- 
ably ineffective as it is effectively shorted by the "ON" 
resistance of the associated GaAs FET. Furthermore, the 
drains and sources of the GaAs FET switches are operated 
at direct current ground potential and resistance. This 
attribute renders these GaAs FET free from ordinary elec- 
trostatic discharge concerns typically associated with use of 
GaAs FET near antenna circuitry. In this embodiment, the 
GaAs FET switches 112, 114, 116, U8; 122, 124, 126, 128 
are implemented as surface mount components on the strip- 
line printed circuit board containing transmit and receive 90*^ 
hybrid couplers 81, 83. 

In a preferred embodiment, the 90° hybrid coupler 81, 50 
ohm resistor 89, and GaAs FET switches 112, 114, 116, 118 
of the transmit branch are implemented as surface moimt 
components on a stripline or microstrip printed circuit 
board. Preferably, a multilayer board is used which includes 
a ground circuit between its top and bottom layers. At one 
end of the printed circuit board, four contacts may be 
provided to couple the feed network to the elements of the 
transmit quadrifilar helix antenna 20. On the other end of the 
printed circuit board, provision may be made for attaching 
the coaxial transmission line from transmitter 12. In this 
case, the identical surface mount components of the receive 
branch are preferably mounted on the opposite side of the 
printed circuit board. 

In the drawings, specification and examples, there have 
been disclosed typical preferred embodiments of the inven- 
tion and, although specific terms are employed, these terms 
are used in a generic and descriptive sense only and not for 
purposes of limitation, the scope of the invention being set 
forth in the following claims. Accordingly, those of skill in 
the art will themselves be able to conceive of embodiments 
of the antenna system other than those explicitly described 
herein without going beyond the scope of the present 
invention. 

That which is claimed is: 

1. A half-duplex antenna system for providing electrical 
signals to a receiver and for transmitting electrical signals 
from a transmitter, comprising: 
a receive quadrifilar helix antenna comprising two bifilar 
helices arranged orthogonally and excited in phase 
quadrature; 

a transmit quadrifilar helix antenna comprising two bifilar 
helices arranged orthogonally and excited in phase 
quadrature, positioned concentrically with said receive 
quadrifilar helix antenna; 
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first coupling means for coupling the signal from said 
receive quadrifilar helix antenna to said receiver; 

first disconnecting means for electrically isolating the 
bifilar helices of said transmit quadrifilar helix antenna 
£rom said receiver during periods of transmission; 5 

second coupling means for coupling the signal horn said 
transmitter to said transmit quadrifilar helix antenna; 
and 

second disconnecting means for electrically isolating the 
bifilar helices of said receive quadrifilar helix antenna 10 
from said transmitter when the antenna system is 
operating in the receive mode; and 

wherein one of said transmit quadrifilar helix antenna and 
said receive quadrifilar helix antenna is disposed within 
the cylinder defined by the other of said transmit 
quadrifilar helix antenna and said receive quadrifilar 
helix antenna. 

2. The antenna system of claim 1, wherein said first 
disconnecting means comprises a plurality of switching 
means interposed along each electrical connection between 20 
said transmitter and said transmit quadrifilar helix antenna, 
and wherein said second disconnecting means comprises a 
plurality of switching means interposed along each electrical 
connection between said receiver and said receive quadrifi- 
lar helix antenna. 25 

3. The antenna system of claim 2, wherein said switching 
means comprise PIN diodes. 

4. The antenna system of claim 2, wherein said switching 
means comprise gallium arsenide field effect transistors. 

5. Hie antenna system of claim 1, wherein said first 30 
coupling means comprises a first 90® hybrid coupler having 
first and second input ports and first and second output ports 
and said second coupling means comprises a second 90° 
hybrid coupler having first and second input ports and first 
and second output ports. 35 

6. The antenna system of claim 5^ 

wherein said transmit quadrifilar helix antenna comprises 
a first filar coupled at its origin to the first output port 
on said first 90** hybrid coupler, a second filar coupled 
at its origin to the second output port of said first 90** 40 
hybrid coupler, and third and fourth fllais coupled at 
their origin to a fiist reference voltage, and wherein said 
first and third filars are electrically connected at their 
distal ends and said second and fourth filans are elec- 
trically connected at their distal ends; and 45 

wherein said receive quadrifilar helix antenna comprises 
a first filar coupled at its origin to the first output port 
on said second 90° hybrid coupler, a second filar 
coupled at its origin to the second output port of said 
second 90* hybrid coupler, and third and fourth filars 50 
coupled at their origin to said first reference voltage, 
and wherein said first and third filars are electrically 
connected at their distal ends and said second and 
fourth filars are electrically connected at their distal 
ends, 55 

7. The antenna system of claim 5, wherein said first and 
second 90** hybrid couplers comprise lumped element 90** 
hybrid couplers. 

8. The antenna system of claim 1, wherein said transmit 
antenna is configured to transmit a right hand circularly 60 
polarized signal and wherein said receive antenna is con- 
figured to receive a right hand circularly polarized signal. 

9. The antenna system of claim 1, wherein each of said 
filar helices comprises a helix with a pitch angle greater than 
about 55 degrees and less than about 85 degrees. 6S 

10. The antenna system of claim 1, further comprising at 
least one microelectronic substrate, and wherein said trans- 



mit quadrifilar helix antenna, said receive quadrifilar hefix 
antenna and said first and second coupling/disconnect means 
are implemented on said at least one microelectronic sub- 
strates. 

11. The antenna system of claim 1, wherein the bifilar 
helices forming said transmit quadrifilar helix antenna are 
radially aligned with the bifilar helices forming said receive 
quadrifilar helix antenna. 

12. A half-duplex antenna system for providing electrical 
signals to a receiver and for transmitting electric signals 
firom a transmitter, comprising: 

a transmit 90** hybrid coupler having two output ports fed 
by said transmitter; 

a receive 90** hybrid coupler having two input ports 
feeding said receiver; 

concentric transmit and receive quadrifilar helix antennas, 
each comprising two bifilar helices arranged orthogo- 
nally and excited in phase quadrature; 

wherein one of said transmit quadrifilar helix antenna and 
said receive quadrifilar helix antenna is disposed within 
the cylinder defined by the other of said transmit 
quadrifilar helix antenna and said receive quadrifilar 
helix antenna; 

wherein the bifilar helices comprising said transmit 
quadrifilar helix antenna each comprise a first filar 
coupled at its origin to one of the output ports on said 
transmit 90** hybrid coupler and a second filar coupled 
at its origin to ground, and wherein said first and second 
filar helices are electrically connected at their distal 
ends, and 

wherein the bifilar helices comprising said receive 
quadrifilar helix antenna each comprise a first filar 
coupled at its origin to one of the input ports on said 
receive 90** hybrid coupler and a second filar coupled at 
its origin to ground, and wherein said first and second 
filar helices are electrically connected at their distal 
ends; 

first disconnecting means for electrically isolating the 

bifilar helices of said transmit quadrifilar helix antenna 

firom said receiver, and 
second disconnecting means for electrically isolating the 

bifilar helices of said receive quadrifilar helix antenna 

from said transmitter. 

13. The antenna system of claim 12, wherein said first 
antenna disconnecting means comprises a plurality of 
switching means interposed along each electrical connection 
between said transmitter and said transmit quadrifilar helix 
anteima and wherein said second antenna disconnecting 
means comprises a plurality of switches interposed along 
each electrical connection between said receiver and said 
receive quadrifilar hehx antenna. 

14. The antenna system of claim 13, wherein said switch- 
ing means comprise PIN diodes. 

15. The antenna system of claim 13, wherein said switch- 
ing means comprise gallium arsenide field effect transistors. 

16. The antenna system of claim 12, wherein said first and 
second 90° hybrid couplers comprise lumped element 90** 
hybrid couplers. 

17. The antenna system of claim 12, wherein said receive 
quadrifilar helix antenna defines a cylinder having a first 
radius, and wherein said transmit quadrifilar helix antenna 
defines a cylinder having a second radius, wherein said 
transmit quadrifilar helix antenna is disposed within the 
cylinder defined by said receive quadrifilar helix antenna, 
and wherein the bifilar helices forming said transmit 
quadrifilar helix antenna are radially aligned with the bifilar 
helices forming said receive quadrifilar helix antenna. 
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18. The antenna system of claim 12, wherein said transmit 
antenna is configured to transmit a right hand circularly 
polarized signal and wherein said receive antenna is con- 
figured to receive a right hand circularly polarized signal. 

19. A half duplex antenna system comprising: ^ 

a receive quadrifilar helix antenna for receiving radio 
frequency signals in the 1525 MHz to 1559 MHz 
frequency band with a directivity in excess of 3 dBi for 
all elevation angles exceeding 45°, having four helical ^0 
filars of less than 10 centimeters in length, said filars 
arranged orthogonally and excited in phase quadrature; 

a transmit quadrifilar helix antenna for transmitting elec- 
trical signals in the 1626.5 MHz to 1660.5 MHz is 
frequency band with a directivity in excess of 3 dBi for 
all elevation angles exceeding 45**, comprising four 
helical filars of less than 10 centimeters in length, said 
filars arranged orthogonally and excited in phase 
quadrature; 

first coupUng means for electrically connecting the signal 
from said receive quadrifilar helix antenna to said 
receiver; 

second coupling means for electrically connecting the 
signal from said transmitter to said transmit quadrifilar 
helix antenna; 



20 



first disconnecting means for electrically isolating the 
bifilar helices of said transmit quadrifilar antenna from 
said receiver during periods of transmission; and 

second disconnecting means for electrically isolating the 
bifilar helices of said receive quadrifilar helix antenna 
from said transmitter when the antenna system is 
operating in the receive mode; and 

wherein one of said transmit quadrifilar helix antenna and 
said receive quadrifilar helix antenna is disposed within 
the cylinder defined by the other of said transmit 
quadrifilar helix anterma and said receive quadrifilar 
helix antenna. 

20. The antenna system of claim 19, wherein said transmit 
anteima is configured to transmit a right hand circularly 
polarized signal and wherein said receive antenna is con- 
figured to receive a right hand circularly polarized signal. 

21. The antenna system of claim 19, wherein said transmit 
quadrifilar helix antenna is disposed within the cylinder 
defined by said receive quadrifilar helix antenna. 

22. The antenna system of claim 19, wherein said receive 
quadrifilar helix antenna is disposed within the cylinder 
defined by said transmit quadrifilar helix antenna. 

23. The antenna system of claim 19, wherein each of said 
filar helices comprises a helix with a pitch angle greater than 
about 55 degrees and less than about 85 degrees. 
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[57] ABSTRACT 

In an antenna system for radio signals in at least two 
spaoed-apart frequency bands above 200 MHz, a quadrifilar 
helical antenna having an elongate dielectric core with a 
relative dielectric constant greater than 5 has a conductive 
sleeve surrounding a proximal part of the core and a longi- 
tudinal feeder structure extending through the core to a 
connection with the helical antenna elements at a distal end 
of the core. The antenna is operated in an upper frequency 
band in which it exhibits a first mode of resonance charac- 
terized by current maxima at the connections of the helical 
elements to the feeder structure and at their junctions with 
the rim of the sleeve, and in a lower frequency band in which 
the antenna exhibits a second mode of resonance character- 
ized by current minima in the region of the junctions of the 
helical elements and the sleeve rim. To permit dual mode 
operation, the antenna system includes an impedance- 
matching diplexer having filters coupled between a common 
port for the antenna and further ports for connection to radio 
signal processing equipment such as a GPS receiver and a 
mobile telephone operating in the two frequency bands. In 
the preferred embodiment, the filters and impedance match- 
ing elements are formed as microstrip elements on a single 
substrate. 

39 Clahns, 4 Drawing Sheets 
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ANTENNA SYSTEM FOR IRADIO SIGNALS 
IN AT LEAST TWO SPACED-APART 
FREQUENCY BANDS 

FIELD OF THE INVENTION 

This invention relates to an antenna system including an 
antenna with an elongate dielectric core, elongate conduc- 
tive elements on or adjacent an outer surface of a distal part 
of the core, and a conductive sleeve surrounding a proximal 
part of the core. The invention also relates to a novel use of 
such an antenna. 

BACKGROUND OF THE INVENTION 

An antenna of the above description is disclosed in the 
Applicant's co-pending British Patent Application which 
has been published under the number 2292638A, the subject 
matter of which is incorporated in this specification by 
reference. In its preferred form, the antenna of that appli- 
cation has a cylindrical ceramic core, the volume of the solid 
ceramic material of the core occupying at least 50% of the 
internal voliune of the envelope defined by the elongate 
conductive elements and the sleeve, with the elements lying 
on an outer cylindrical surface of the core. 

The antenna is particularly intended for the reception of 
circularly polarised signals firom sources which may be 
directly above the antenna, i.e on its axis, or at a location a 
few degrees above a plane perpendicular to the antenna axis 
and passing through the antenna, or from sources located 
anywhere in the solid angle between these extremes. Such 
signals include the signals transmitted by satellites of a 
satellite navigation system such as GPS (Global Positioning 
System). To receive such signals, the elongate conductive 
elements comprise four coextensive helical elements having 
a common central axis which is the axis of the core, the 
elements being arranged as two laterally opposed pairs of 
elements, with the elements of one pair having a longer 
electrical length than the elements of the other pair. Such an 
antenna has advantages over air-cored antennas of robust- 
ness and small size, and over patch antennas of relatively 
uniform gain over the solid angle within which transmitting 
satellite sources are positioned. 

SUMMARY OF THE INVENTION 

The applicants have found that it is possible to use such 
an antenna in different, spaced apart, frequency bands. 
Accordingly, the invention provides an antenna system 
comprising an antenna having an elongate dielectric core 
with a relative dielectric constant greater than 5, at least one 
pair of elongate conductive elements bcated in a longitu- 
dinal by coextensive and laterally opposed relationship on or 
adjacent an outer surface of a distal part of the core, a 
conductive sleeve sunounding a proximal part of the core, 
and a longitudinal feeder structure extending through the 
core, the elongate conductive elements extending between 
distal connections to the feeder structure and a distal rim of 
the sleeve. Connected to the antenna is an impedance 
matching diplexer which has filters coupled between a 
common port connected to a proximal end of the antenna 
feeder structure, and respective further ports for connection 
to radio signal processing equipment operating in the two 
frequency bands. The filters comprise a first filter tuned to an 
upper frequency which lies in one of the bands and at which 
the antenna is resonant in a first mode of resonance, and a 
second filter tuned to a lower frequency which lies in the 
other band and at which the antenna is resonant in a second 
mode of resonance. The first mode of resonance may be 
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associated with substantially balanced feed current at the 
distal end of the fsed structure, e.g. when the sleeve acts as 
a trap isolating the elongate conductive elements from a 
ground connection at the proximal end of the antenna, the or 

5 each pair of elongate conductive elements acting as a loop, 
with currents travelling around the rim of the sleeve between 
opposing elements of the pair. In the case of the antenna 
having two or more pairs of helical elements forming part of 
loops of differing electrical lengths, such balanced operation 
may typically be associated with circularly polarised signals 
directed within a solid angle centred on a common central 
axis of the helical elements. In this fiist mode, the antenna 
may exhibit current maxima at the connections of the 
elongate conductive elements to the feeder structure and at 

j5 their jiinction with the rim of the sleeve. 

The second mode of resonance is preferably associated 
with single-ended or unbalanced feed currents at the distal 
end of the feeder structure, with the conductive sleeve 
forming part of the radiating structure, as is typically the 

20 case when the antenna is resonant in a monopole mode for 
receiving or transmitting linearly polarised signals, espe- 
cially signals polarised in the direction of a central axis of 
the antenna. Such a mode of resonance may be charaaerised 
by current minima in the region of the junction of the 

25 elongate elements and the rim of the sleeve. 

In the first mode of resonance, the fi-equency of resonance 
is typically a function of the electrical lengths of the elongate 
elements, whilst the resonant frequency of the second mode 
of resonance is a function of the sum of (a) the electrical 

30 lengths of the elongate elements and (b) the electrical length 
of the sleeve. In the general case, the electrical lengths of the 
elongate conductive elements are such as to produce an 
average transmission delay of, at least approximately, 180° 
at a resonant frequency associated with the first mode of 

35 resonance. The frequency of the second mode of resonance 
may be determined by the sum of the average electrical 
length of the elongate conductive elements and the average 
electrical length of the sleeve in the longitudinal direction 
corresponding to a transmission delay of at least approxi- 

40 mately 180® at that frequency. 

In the preferred embodiment of the antenna system, the 
diplexer comprises an impedance transforming element 
coupled between die common port and a node to which the 
filters and an impedance compensation stub are connected. 

45 The transforming element, the filters, and the stub are 
conveniently formed as microstrip components. In such a 
construction, the transforming element may comprise a 
conductive strip on an insiilative substrate plate covered on 
its opposite face with a conductive ground layer. The strip 

50 forms, in conjunction with the ground layer, a transmission 
line of predetermined characteristic impedance. Similarly, 
the stub may be formed as a conductive strip having an open 
circuit end. Although the filters may be conventional 
"engine block" filters, they may instead be formed of 

55 microstrip elements on the same substrate as the transform- 
ing element and the stub. These filters are desirably con- 
nected to the above-mentioned node by conductors which 
are electrically short in comparison to the electrical lengths 
of the transforming element. 

60 The transforming element may also comprise a length of 
cable connected in series between the antenna feeder struc- 
ture and the diplexer node, or it may comprise the series 
combination of such a cable and a length of microstrip 
between the feeder structure and the node, the cable having 

65 a characteristic impedance between the source impedance 
constituted by the antenna and a selected load impedance for 
the node. 
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The antenna system typically operates over two frequency 
bands only, but it is possible within the scope of the 
invention to provide a system operative in more than three 
spaced apart bands the antenna having a corresponding 
nujnber of resonance modes. 

According to a second aspect of the invention, there is 
provided a radio communication system comprising an 
antenna system as described above, a satellite positioning or 
timing receiver (e.g. a GPS receiver) connected to one of the 
further ports of the diplexer, and a cellular or mobile 
telephone connected to another of the further ports of the 
diplexer. The antenna and the filters are configured such that 
resonant frequencies associated with the dififerent modes of 
resonance of the antenna lie respectively in the operating 
band of the receiver and the operating band of the telephone. 

The diplexer is also the subject of a third aspect of the 
invention which provides a diplexer for operation at fre- 
quencies in excess of 200 MHz comprising: an antenna port; 
an impedance transformer in the form of a length of trans- 
mission line having one end coupled to the antenna port and 
the other end forming a circuit node; first and second 
equipment ports; a first bandpass filter tuned to one fre- 
quency and connected between the node and the first equip- 
ment port, a second bandpass filter tuned to another fre- 
quency and connected between the node and the second 
equipment port; and a reactance compensating element 
connected to the node. 

The length of the transmission line forming the imped- 
ance transformer may be such as to effect a resistive imped- 
ance transformation at a frequency between the upper and 
the lower frequency whereby the impedances at the said 
node due to the transformer at the two frequencies has, 
respectively, a capacitive reactance component and an 
inductive reactance component, and wherein the stub length 
is such as to yield inductive and capacitive reactances 
respectively at the two frequencies thereby at least partly 
compensating for the capacitive and inductive reactances 
due to the transformer so as to yield at the node a resultant 
impedance at each of the two frequencies which is more 
nearly resistive than the impedances due to the transmission 
line. 

Typically, the transmission line length is such as to 
provide a transmission delay of about 90** at a frequency at 
least approximately midway between the upper and lower 
frequencies. 

Tlie invention also provides, in accordance with a fourth 
aspect thereof, a novel xise of an antenna comprising an 
elongate dielectric core with a relative dielectric constant 
greater than 5, at least one pair of elongate conductive 
elements located in a longitudinally coextensive and later- 
ally opposed relationship on or adjacent an outer surface of 
a distal part of the core, a conductive sleeve surrounding a 
proximal part of the core, and a longitudinal feeder structure 
extending through the core, the said elongate conductive 
elements extending between distal connections to the feeder 
structure and a distal rim of the sleeve, wherein the novel use 
consists of operating the antenna in at least two spaced apart 
frequency bands, one of the bands containing a frequency at 
which the antenna exhibits a first mode of resonance, and 
another of the bands containing a frequency at which the 
antenna exhibits a second mode of resonance which is 
dififerent from the first mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention are 
described below by way of example with reference to the 
drawings. 
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In the drawings: 

FIG. 1 is a diagram showing a radio communication 
system using an antenna system in accordance with the 
invention; 

5 FIG. 2 is a perspective view of the antenna of the system 
of FIG. 1; 

FIG. 3 is an axial cross-section of the antenna of FIG. 2, 
moimted on a conductive ground plane; 

FIG. 4 is a plan view of a microstrip diplexer; 
10 RGS. 5A to 5E are Smith chart diagrams illustrating the 
functioning of the diplexer of RG. 4; and 

FIG. 6 is a diagram showing a radio communication 
system using an alternative antenna system in accordance 
with the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1 of the drawings, a preferred antenna 
system in accordance with the invention for use at frequen- 

2Q cies above 200 MHz may be used as part of radio commu- 
nication equipment performing different functions. The 
antenna system comprises an antenna 1 in the form of an 
elongate cylindrical ceramic core with metalUc elements 
plated on die outside to form a quadrifilar helical antenna 

25 with a proximal conductive sleeve forming a current trap 
between radiating elements of the antenna and a ground 
connection at its lower end. The antenna 1 is mounted on a 
laterally extending conductive surface 2 which, in this 
embodiment, is formed by a wall of the casing of a diplexer 

3Q unit 3. An internal feeder structure lA of the antenna is 
coupled to the diplexer unit 3 at a common port 3A thereof. 
The radio communication equipment includes a GPS 
receiver 5 connected to a first equipment port 3B of the 
diplexer unit 3 and a cellular telephone receiver 5 connected 

35 to a second equipment port 3C of the diplexer unit 3. 

Antenna 1, as will be described below, has two modes of 
resonance in spaced apart frequency bands. In this example, 
the first mode of resonance is associated with a resonant 
frequency of 1.575 GHz, the antenna exhibiting a maximum 

40 in gain for drcularly polarised signals at that frequency, the 
signals being directed generally vertically, i.e. parallel to the 
central axis of the antenna. Tliis frequency is the GPS LI 
frequency. The second mode of resonance of the antenna 1 
in this embodiment is associated with a resonant frequency 

45 of about 860 MHz and signals linearly polarised in a 
direction parallel to the central axis of the antenna 1. 860 
MHz is an example of a frequency lying in a cellular 
telephone band. 
The diplexer unit 3 provides impedance matching of units 

50 4 and 3 to the antenna 1 in its different modes of resonance, 
and isolates the two units 4 and 5 so that they may be 
operated independently, i.e. largely without the operation of 
one interfering with the operation of the other. The diplexer 
unit 3 will be described in more detail below. 

55 The arrangement illustrated in FIG. 1 is suitable for a 
number of applications in which positioning information 
and the ability to communicate via a cellular telephone are 
required together. The arrangement is particularly useful for 
installation in an automobile, in which case the GPS receiver 

60 4 can provide the driver with navigation information via the 
same antenna as a permanently installed car phone or a 
portable cellphone plugged into automobile wiring. The 
antenna 1 and diplexer unit 3, being small and robust, are 
particularly suited to automobile and other mobile applica- 

65 tions. It is possible to combine the GPS receiver and the 
telephone within a single unit, together, if required, with the 
diplexer. 
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The antenna 1 is shown in more detail in FIGS. 2 and 3 
and is as disclosed in Applicant's co-pending British Patent 
Application No. 9603914.4 the disclosure of which is incor- 
porated in this specification by reference. In its preferred 
form, the antenna is quadrifilar having an antenna element 5 
structure with four longitudinally extending antenna ele- 
ments lOA, 105, IOC and lOD formed as metallic conductor 
tracks on the cylindrical outer surface of a ceramic core 12. 
The core has an axial passage 14 with an inner metallic 
lining 16^ and the passage houses an axial feeder conductor 
18. The inner conductor 18 and the lining 16 in this case 
form a feeder structure lA for connecting a feed line to the 
antenna elements lOA-lOD. The antenna element structure 
also includes corresponding radial antenna elements lOAR, 
lOBR, lOCR, lODR formed as metallic tracks on a distal end 
face 12D of the core 12 connecting ends of the respective 
longitudinally extending elements lOA-lOD to the feeder 
structure. The other ends of the antenna elements lOA-lOD 
are connected to a common conductor in the form of a plated 
sleeve 20 surrounding a proximal end portion of the core 12. 
This sleeve 20 is in turn connected to the lining 16 of the 20 
axial passage 14 by plating 22 on the proximal end face 12P 
of the core 12, Tlie material of the core 12 occupies the 
major portion of the interior volume defined by the antenna 
elements lOA-lOD and the sleeve 20. 

As will be seen from FIG, 2, the sleeve 20 has an irregular 25 
upper linking edge or rim 20U in that it rises and falls 
between peaks 20? and troughs 20T. The four longitudinally 
extending elements lOA-lOD are of different lengths, two of 
the elements lOB, lOD being longer than the other two lOA, 
IOC by virtue of the longer elements being coupled to the 
sleeve 20 at the troughs of rim 20U while the other elements 
lOA, IOC are coupled to the peaks. In this embodiment, 
intended for reception of circularly polarised signals when 
resonant in a first mode of resonance, the longitudinally 
extending elements lOA-lOC are simple helices, each 
executing a half turn around the axis of the core 12. The 
longer elements lOB, lOD have a longer helical pitch than 
the shorter elements lOA, IOC. Each pair of longitudinally 
extending and corresponding radial elements (for example 
lOA, lOAR) constitutes a conductor having a predetermined 
electrical length. In the present embodiment, it is arranged 40 
that the total length of each of the element pairs lOA, lOAR; 
IOC, lOCR having the shorter length corresponds to a 
transmission delay of approximately 135° at the operating 
wavelength in the first mode of resonance, whereas each of 
the element pairs lOB, lOBR; lOD, lODR produce a longer 45 
delay, corresponding to substantially 225°. Thus, the aver- 
age transmission delay is 180°, equivalent to an electrical 
length of X/2 at the operating wavelength. The differing 
lengths produce the required phase shift conditions for a 
quadrifilar helix antenna for circularly polarised signals 50 
specified in Kilgus, "Resonant Quadrifilar Helix Design", 
The Microwave Journal, December 1970, pages 49-54. Two 
of the element pairs IOC, lOCR; lOD, lODR (i.e. one long 
clement pair and one short element pair) arc connected at the 
inner ends of the radial elements lOCR, lODR to the inner 55 
conductor 18 of the feeder structure at the distal end of the 
core 12, while the radial elements of the other two element 
pairs lOA, lOAR; lOB, lOBR are connected to the feeder 
screen formed by metallic lining 16. At the distal end of the 
feeder structure, the signals present on the inner conductor 60 
18 and the feeder screen 16 are approximately balanced so 
that the antenna elements are connected to an approximately 
balanced source or load, as wiU be explained below. 

With the left handed sense of the helical paths of the 
longitudinally extending elements lOA-lOD, the antenna 6S 
has its highest gain for right hand circularly polarised 
signals. 
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If the antenna is to be used instead for left hand circularly 
polarised signals, the direction of the helices is reversed and 
the pattern of connection of the radial elements is rotated 
through 90°. In the case of an antenna suitable for receiving 
both left hand and right band circularly polarised signals, 
albeit with less gain, the longitudinally extending elements 
can be arranged to follow paths which are generally parallel 
to the axis. 

As an alternative, the antenna may have helical elements 
of different lengths as above, but with the difference in 
lengths being obtaii^d by meandering the longer elements 
about respective helical centre lines. In this case, the con- 
ductive sleeve is of constant axial length, as disclosed in the 
above-mentioned co-pending British Patent Application No. 
2292638 A. 

The conductive sleeve 20 covers a proximal portion of the 
antenna core 12, thereby surrounding the feeder structure 16, 
18, with the material of the core 12 filling the whole of the 
space between the sleeve 20 and the metallic lining 16 of the 
axial passage 14. The sleeve 20 forms a cyhnder having an 
average axial length 1^ as show in FIG. 2 and is connected 
to the lining 16 by the plated layer 22 of the proximal end 
face 12P of the core 12. In the first mode of resonance, the 
combination of the sleeve 20 and plated layer 22 has the 
effect that signals in the transmission line formed by the 
feeder structure 16, 18 are converted between an unbalanced 
state at the proximal end of the antenna and an approxi- 
mately balanced state at an axial position generally at the 
same axial distance from the proximal end as the average 
axial position of the upper linking edge 20U of the sleeve 20. 

The preferred material for the core 12 is zirconium- 
titanate-based material. This material has the above- 
mentioned relative dielectric constant of 36 and is noted also 
for its dimensional and electrical stability with varying 
temperature. Dielectric loss is negligible. The core may be 
produced by extrusion or pressing. 

The antenna elements lOA-lOD, lOAR-lODR are metal- 
lic conductor tracks bonded to the outer cylindrical and end 
surfaces of the core 12, each track being of a width at least 
four times its thickness over its operative length. The tracks 
may be formed by initially plating the surfaces of the core 
12 with a metallic layer and then selectively removing the 
layer to expose the core. Removal of the metallic layer may 
be performed by etching according to a pattern applied in a 
photographic layer similar to that used for etching printed 
circuit boards. Alternatively, the metallic material may be 
applied by selective deposition or by printing techniques. In 
all cases, the formation of the tracks as an integral layer on 
the outside of a dimensionally stable core leads to an antenna 
having dimensionally stable antenna elements. 

The antenna is preferably directly mounted on a conduc- 
tive surface such as provided by a sheet metal plate 24, as 
shown in FIG. 3, with the plated proximal end surface 12P 
electrically connected to the plate by, for example, soldering. 
In this embodiment metal plate 24 is part of the diplexer unit 
casing and the inner conductor 18 of the antenna for direct 
connection to a diplexer circuit as will be described below. 
The conductive lining 16 of the internal axial passage 14 of 
the antenna core is connected to the plated layer 22 of the 
proximal end face 12P of the antenna. 

From FIGS. 2 and 3 it will be appreciated that the antenna 
is current-fed at its distal end. The amplitude of standing 
wave currents in the elements lOA-lOD is at a maximum at 
the rim 20U of the sleeve 20 where they pass around the rim 
so that the two pairs of elements lOA, IOC and lOB, lOD 
form parts of two loops which are isolated from the 
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grounded proximal end face 12P of the antenna. Standing 
wave voltage naaxuna exist approximately in the middle of 
the elements lOA-lOD. In this mode of resonance, the 
radiation pattern of the antenna for right-hand circularly 
polarised signals is generally of cardioid form, directed 5 
distally and centred on the central axis of the core. In this 
quadrifilar mode, the antenna discriminates in the upward 
direction against left-hand polarisation, as mentioned above. 

In this embodiment, the second mode of resonance is at a 
lower frequency and represents a mode which is quite 
different from the first mode of resonance. Again, the 
antenna is current-fed at the top, but standing wave currents 
decline to a minimum in the antenna elements lOA-lOD in 
the region of the rim 20U of sleeve 20. The currents are 
relatively high on the inside surface of the sleeve 20, but 
here they do not affect the radiation pattern of the antenna. 
The antenna exhibits quarter wave resonance in a manner 
very similar to a conventional inverted monopole with a 
predominantly single-ended feed. There is little current flow 
around the rim 20U, which is consistent with the single- 
ended feed. In this mode, the antenna exhibits the classic 
toroidal pattern of a monopole antenna with signals which 
are linearly polarised parallel to the central axis of the core. 
There is strong discrimination against horizontal polarisa- 
tion. 25 

For an antenna capable of receiving GPS signals at 1.575 
GHz and cellular telephone signals in the regions of 800 to 
900 MHz, the length and diameter of the core 12 are 
typically in the region of 20 to 35 mm and 3 to 7 mm 
respectively, with the average axial extent of the sleeve 20 
being in the region of from 8 mm to 16 mm. A particularly 
preferred antenna as shown in FIGS. 2 and 3 has a core 
length of approximately 28.25 mm and a diameter of 
approximately 5 mm, the average axial length of the sleeve 
20 being about 12 mm. One surprising feature of the 
quadrifilar mode of resonance is that the performance in this 
mode is tolerant of substantial variation in the average axial 
length of the sleeve 20 from that corresponding to a trans- 
mission delay of 90*^ at the respective resonant frequency, to 
the extent that this length can be adjusted to obtain the ^ 
required resonant frequency in the second mode of reso- 
nance. However, if it is necessary to vary the axial length of 
sleeve 20 so far from the quarter wavelength that perfor- 
mance of the antenna in the quadrifilar mode deteriorates to 
an unacceptable degree, it is possible to insert a dioke in 
series between the sleeve 20 and the diplexer unit 
(specifically the conductive surface 2 (see FIG. 1)) to restore 
at least an approximately balanced current drive at the 
antenna distal face 12D. 

The diplexer unit 3 of FIG. 1 contains a pair of filters, a 
reactance compensating stub and an impedance transform- 
ing element to match the antenna to both units 4 and 5 and 
to isolate the signals of one with respect to the signals of the 
other. 55 

In an alternative arrangement the antenna may be 
mounted spaced from the diplexer unit 3 as will be described 
below with reference to the FIG. 6. 

Referring to FIG. 4, the diplexer unit 3 of FIG. 1 has a 
screening casing (as shown in FIG. 1) enclosing a single 60 
insulative substrate plate 30 with a conductive ground layer 
on one side (the hidden side of plate 30 as viewed in FIG. 
4), the other side of the plate bearing conductors as shown. 
These conductors comprise, firstly, an impedance transform- 
ing section 32 as a conductive strip forming a transmission 65 
line section extending between one end 33, which is con- 
nected to the antenna inner conductor, and the other end 34 
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which forms a circuit node. Secondly, connected to the node 
34 are two bandpass filters 36, 38. Each is constituted by 
three inductively coupled parallel-resonant elements, with 
each element being formed of a narrow inductive strip 36A, 
38A grounded at one end by a plated-through hole 36B, 38B 
and having a capacitor plate 36C, 38C at the opposite end, 
forming a capacitor with the ground conductor on the other 
surface of the substrate. In the case of each fiher 36, 38, the 
inductive strip 36A, 38A nearest the node 34 is cormected to 
the latter by an electrically short tapping conductor 40, 
which is tapered to effect a further impedance transforma- 
tion. In each case, the inductive strip furthest from the node 
34 is coupled to tapping lines 42 (which are also tapered near 
the filter) coupling the filter to respective equipment con- 
nections 44. 

As will be apparent from the different sizes of filters 36, 
38, they are timed to different frequency bands, in fact the 
two bands corresponding to the two modes of resonance of 
the antenna 1. 

Impedance matching at both resonant frequencies is 
achieved by the combination of the transforming section 32 
and an open-drcuit ended stub 46 extending from node 34 
as shown in FIG. 4. 

Transforming section 32 is dimensioned to have a char- 
acteristic transmission line impedance given by: 

where Zy is the characteristic impedance of the antenna 1 at 
resonance, and is a selected load impedance for the node 
34 to suit filters 36 and 38. The length of the transforming 
section 32 is arranged to correspond to a transmission delay 
of about 90° at a frequency approximately midway between 
the two frequency bands corresponding to the first and 
second modes of resonance, in this case approximately 1.22 
GHz. The effect of the transforming section 32 at different 
frequencies is illustrated by the Smith chart of F\G. 5A 
which represents the impedance seen at node 34 due to the 
transforming section 32 in the absence of the stub 46 over a 
range of frequencies from 0.1 to 1.6 GHz. Sections A and B 
of the curve irxiicate the two fr^uency bands centred on 860 
MHz and 1.575 GHz, and it will be seen that a resistive 
impedance is obtained at the centre of the chart, at a 
frequency between the two bands, as mentioned above. The 
effect of stub 46 (see FIG. 4) is now considered with 
reference to the Smith chart of FIG, SB. At low frequencies, 
the impedance presented solely by stub 46 at node 34 is 
relatively high, as is evident from the end of the curve in 
FIG. 5B being close to the right-hand side of the chart. With 
increasing frequency, the impedance passes around the 
perimeter of the chart through a zero impedance point 
corresponding to a frequency approximately midway 
between the frequency bands A and B due to the selected 
lengths of stub 46. 

Comparing FIGS. 3A and 5B, it will be noted that the 
impedance at node 34 due to transforming section 32 in band 
A b as an inductive reactance component, whilst the imped- 
ance in band B has a capacitive reactance component. In the 
Smith charts, the curves emanating from the right-hand end 
are lines of constant reactance. From FIG. 5B, it will be seen 
that the stub 46 is so dimensioned that the reactance com- 
ponent of the impedance presented solely by the stub 46 at 
node 34 in band A is capacitive and at least approximately 
equal to the inductive reactance in band A shown in FIG, 5A. 
Similarly, the impedance due to stub 46 in band B has an 
inductive reactance component which is at least approxi- 
mately equal in magnitude to the capacitive reactance com- 
ponent in band B as shown in FIG. 5 A. 
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Referring oow to FIG. 5C, the trace of the impedance at 
node 34 due to the combination of the transforming section 
32 and the stub 46 follows a loop which begins, at bw 
frequency, at an impedance corresponding to the source 
impedance at the port 3A indicated in FIG. 1. With increas- 5 
ing frequency, the trace follows a loop which crosses the 
resistance line twice. The first crossing corresponds approxi- 
mately to the centre of band A as shown by the curve in FIG. 
5D which is simply a portion of the curve shown in FIG. 5C 
corresponding to frequency band A, whilst the second cross- lo 
ing of the resistance line represents the approximate centre 
of band B, as shown by the curve of FIG. 5E which is also 
a portion of the curve shown in FIG. 5C. In this way, the 
elements of the diplexer perform a good impedance match of 
the antenna 1 to the filters 36, 38 in both frequency bands A 15 
and B, with the reactances of the stub 46 compensating at 
least partly for the reactances due to the transforming 
section. Each filter presents a relatively high impedance at 
the frequency of the other filter, thereby providing isolation 
between signals in the two bands. 20 

In the example shown in FIG. 1, this isolation is used to 
isolate a GPS receiver 4 from cellular telephone signals fed 
to and from a telephone unit 5. 

An alternative antenna system is shown in FIG. 6. In this 
case, the antenna 1 is mounted on a laterally extending 25 
conductive surface 2 which, rather than being part of a 
diplexer casing, instead forms part of another metallic 
structure, such as a vehicle body. The antenna is coupled 
through a hole in the surface 2 by means of a feed cable SO 
coupled to the common port 3A of a diplexer 3, the latter 30 
being similar to the diplexer of the embodiment described 
above with reference to FIG. 1. Feed cable 3 has an inner 
conductor coupled to the axial inner conductor of the 
antenna 1 and an outer shield which is connected to the 
plated proximal face of the antenna. At the diplexer end of 35 
cable 50, the shield is connected to the diplexer casing and 
directly or indirectly to the gtx)und plane of a microstrip 
diplexer board within the casing, similar to that show in FIG. 
4. 

Unless the characteristic impedance of feed cable 50 is the 40 
same as the source impedance represented by the antenna 1, 
the cable 50 acts as an impedance transforming element. The 
extent to which this occurs depends on the length of the 
cable and the value of the characteristic impedance, and the 
microstrip diplexer element is correspondingly altered such 45 
that the required total impedance transformation occurring 
between the antenna 1 and the node 34 of the diplexer (see 
FIG. 4) has the same effect as the transforming section 32 of 
the diplexer of the first embodiment described above, and 
shown in FIGS. 1 and 4. Thus, the electrical length of the 50 
combination of cable 50 and the impedance transforming 
section of the diplexer 3 is about 90** at a frequency 
approximately midway between the two frequency bands 
corresponding to the first and second modes of resonance. It 
is possible, therefore, for the microstrip diplexer to be as 55 
shown in FIG. 4 but with impedance transforming section 32 
having a much reduced length, or being formed at least in 
part by a microstrip section having a characteristic imped- 
ance equal to the load impedance at load 34. Typically, feed 
cable 50 has a characteristic impedance of 10 ohms. The 60 
system of FIG. 6 uses the alternative antenna mentioned 
above, in that, while having four helical elements which are 
generally coextensive and coaxial, two oppositely disposed 
elements follow meandered paths to achieve the differences 
in length which bring about the required phase shift condi- 65 
tions for a quadrifilar helix antenna for circularly polarised 
signals. The meandering of one pair of elements takes the 



place of the irregular rim of the sleeve 20 shown in FIG. 2, 
so that in this embodiment sleeve 20 has a circular upper 
edge which extends around the antenna core at a constant 
distance from the proximal end. 
What is claimed is: 

1. An antenna system for radio signals in at least two 
spaced-apart frequency bands comprising: 

an antenna having an elongate dielectric core with a 
relative dielectric constant greater than 5, at least one 
pair of elongate conductive elements located in a 
longitudinally coextensive and laterally opposed rela- 
tionship on or adjacent an outer surface of a distal part 
of the core, a conductive sleeve surrounding a proximal 
part of the core, and a longitudinal feeder structure 
extending through the core, said elongate conductive 
elements extending between distal connections to the 
feeder structure and a distal rim of the sleeve, wherein 
the antenna is resonant in a first mode of resonance at 
an upper frequency lying in one of said two frequency 
bands and in a second mode of resonance at a lower 
frequency lying in the other of said two frequency 
bands; and 

an impedance matching diplexer which has filters coupled 
between a common port connected to a proximal end of 
the feeder structure and respective further ports for 
connection to radio signal processing equipment oper- 
ating in the two frequency bands, the filters comprising 
a first filter tuned to the upper frequency, and a second 
filter tuned to the lower frequency. 

2. An antenna system according to claim 1, wherein the 
first and second modes of resonance are associated respec- 
tively with substantially balanced and single-^nded feed 
currents at the distal end of the feeder structure. 

3. An antenna system according to claim 1, wherein the 
first mode of resonance is characterised in operation of the 
antenna at the upper frequency by current maxima at the 
connections of the elongate conductive elements to the 
feeder structure, and at their junctions with the rim of the 
sleeve, the sleeve acting as a trap which isolates the elongate 
conductive elements from ground, and wherein the second 
mode of resonance is characterised in operation of the 
antenna at the lower frequency by current minima in the 
region of the junctions of the elongate elements and the rim 
of the sleeve. 

4. An antenna system according to claim 3, wherein the 
upper frequency is a function of the electrical length of the 
elongate elements, whilst the lower frequency is a function 
of the sum of the electrical length of the elongate elements 
and the electrical length of the sleeve. 

5. An antenna system according to claim 4, wherein the 
average electrical length of the elongate conductive ele- 
ments is at least approximately 180** at the upper frequency, 
and the sum of the average electrical length of the elongate 
conductive elements and the average electrical length of the 
sleeve in the longitudinal direction of the antenna is at least 
approximately 180° at the lower frequency. 

6. An antenna system according to claim 5, wherein the 
elongate conductive elements consist of two pairs of helical 
elements, the elements of each pair being diametrically 
opposed on the cylindrical outer surface of the core with 
those of one pair being longer than those of the other pair, 
whereby the first mode of resonance is a circular polarisation 
mode associated with circularly polarised signals directed 
along the central axis of the core, and the second mode of 
resonance is a linear polarisation mode associated with 
signals polarised in the direction parallel to the core axis. 

7. An antenna system according to claim 1, wherein the 
core is a solid cylindrical body of ceramic material with an 
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axial bore oontaining the feeder structure, and wherein the an antenna having a solid elongate dielectric core, at least 

elongate conductive elements are helical. one elongate conductive element on or adjacent an 

8. An antenna system according to claim 1, wherein the outer surface of a distal part of the core, a conductive 
diplexer comprises an impedance transforming element sleeve surrounding a proximal part of the core, and a 
coupled between the common port and a node to which the 5 longitudinal feeder structure extending through the 
fillers and an impedance compensation stub are connected. core, wherein the said elongate conductive element 

9. An antenna system according to claim 8, wherein the extends between a distal connection to the feeder 
impedance transforming element, the filters and the stub are structure and a disUl rim of the sleeve, and the sleeve 
formed as microstrip components, the transforming element ^ proximally coupled to the feeder structure; and 
comprising a conductive strip formmg a transmiss ^^erein the antenna is resonant in a first mode of 
predetermmed charactenstic impedance, and the stub com- resonance at an upper frequency lying in one of said 
pnsmg a conductive strip having an open circuit end. frequency bands and in a second mode of reso- 

10. An antenna system accordmg to claim 8 wherem the ^ j^^^^ frequency lying in the other of said 
filters are microstnp bandpass filters connected to the node frequency bands: and 

by conductors which are electrically short in comparison to v . i.- ii* -.j 

, ^ . , , ^. £ XL r ' 1 X 15 a coupling stage bavmg a common signal Imc assoaated 

the electncal length of the transforming element. -A. *if r j * * 1 * * *l • i 

. J. ^ . ^. . ^ . . , with the feeder stmcture, at least two further signal 

11. A radio oommumcation system compnsmg an antenna i- * * • 1 • 

, , . <. 11*5 • 1 • lines for connection to radio signal processing cquip- 

system according to claim 1, a satelute signal receiver ^ .jr j 

connected to one of said further ports, and a mobile tele- ment openrtmg the said frequency bands and con- 

, , J , .1, f 'Sc. ^ *i. * nected between the feeder structure and the further 

phone connected to another of said further ports, the antenna ^ ■ 1 1- - j * u- *• j 

J *!. ill* u • £ J i_ .t_ ^ r *i_ 20 signal lines, an impedance matching section and a 

and the niters bemg configured such that said one of the • 1 j- J- u • • 1 -i- 

J, g.^ • V - *i. L J r*u signal directmg section, wherem the signal directing 

upper and towe, frequencies hes in the operatuig band of the ^^.^^ ^ ^ « together Uie common 

receiver and said other of the upper and lower frequencies ^^ ^ ^ ,^ 

hes m the operatmg band of the mobile telephone. , * r tTj 

. , . . *^ signals which hem one of said frequency bands, and to 

12. An antenna comprising: 1 . .i_ • ri- j r 
, 25 couple together the common signal line and the other at 

an elongate core with a relative dielectnc constant greater ^^^^ ^-^^^ ^^^^^^ ^^-^^ j.^ ^ 

* other of said frequency bands. 

at least one pair of elongate conductive elements located 17 antenna system according to claim 16. wherein the 

m a longitudinaDy coextensive and laterally opposed coupUng stage is a diplexer which has filters coupled 

relationship on or adjacent an outer surface of a distal 30 between the common signal line and the further signal lines, 

part of the core; the filters including a first filter associated with one of said 

a conductive sleeve surrounding a proximal part of the two further signal lines and tuned to said upper frequency 

core; and and a second filter associated with the other of said two 

a longitudinal feeder structure extending through the core. further signal lines and tuned to said lower frequency, 

said elongate conductive elements extending between 35 18. An antenna system according to claim 17, wherein the 

distal connections to the feeder structure and a distal diplexer comprises an impedance transforming element 

rim of the sleeve, coupled between the common signal line and a node to 

wherein the elongate conductive elements are adapted which the filters and an impedance compensation stub are 

such that the antenna operates in at least two spaced connected. 

apart frequency bands, one of the bands containing a 40 19. An antenna system according to claim 18, wherein the 
first frequency at which the antenna exhibits a first impedance transforming element, the filters and the stub are 
mode of resonance and which corresponds substan- formed as microstrip components, the transforming element 
tially to the firequency of signals transmitted in a comprising a conductive strip forming a transmission line of 
satellite positioning service, and another of the bands predetermined characteristic impedance, and the stub corn- 
containing a second frequency at which the antenna 45 prising a conductive strip having an open circuit end. 
exhibits a second mode of resonance which is different 20. An antenna system according to claim 18, wherein the 
from the first mode, the frequency of the second filters are microstrip bandpass filters connected to the node 
resonance corresponding substantially to a frequency by conductors which arc electrically short in comparison to 
used for mobile telephone signals. the electrical length of the transforming element. 

13. Use of an antenna according to claim 12, wherein the 50 21. An antenna system according to claim 16, wherein the 
first and second modes of resonance are associated respec- antenna has at least one pair of said elongate conductive 
lively with a substantially balanced feed current and a elements and is adapted such that said elongate conductive 
single-ended feed current at the distal end of the feeder element and said sleeve act jointly to define said upper and 
structure. lower frequencies. 

14. Use of an antenna according to claim 12. wherein the 55 22. An antenna system according to claim 21, wherein at 
frequency of the first mode is determined by the electrical least one of said resonant frequencies is defined by the sum 
lengths of the elongate conductive elements, whereas the of the length of the sleeve and the length of said elongate 
frequency of the second mode is determined by the sum of conductive clement 

the average electrical length of the elongate conductive 23, An antenna system according to claim 16, wherein the 

elements and the average electrical length of the sleeve. 60 sleeve and the feeder stmcture together act as a balun in at 

15. Use of an antenna according to claim 12, wherein the least one of the modes. 

first mode of resonance is associated with circularly 24. An antenna system according to claim 16, wherein the 

polarised signals, whereas the second mode of resonance is first and second modes of resonance are associated respec- 

associated with signals linearly polarised in the longitudinal lively with substantially balanced and single-ended feed 

direction of the antenna. 65 currents at the distal end of the feeder structure. 

16. An antenna system for radio signals in at least two 25. An antenna system according to claim 16, wherein the 
spaced-apart frequency bands comprising: dielectric core has an outer surface defining an interior 
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volume at least half of which is occupied by a solid 
insulative material having a relative dielectric constant 
greater than 5, the antenna having a least one pair of said 
elongate conductive elements located in a longitudinally 
co-extensive and laterally opposed relationship on the outer 5 
surface of the distal part of the core each with respective 
distal connections to the feeder structure and the distal rim 
of the sleeve, and wherein the common signal line of the 
coupling stage is coupled to a proximal end of the feeder 
structure. 

26. An antenna system according to claim 25, wherein the 
first mode of resonance is characterised in operation of the 
antenna at the upper frequency by current maxima at the 
connections of the elongate conductive elements to the 
feeder structure, and at their jimctions with the rim of the 
sleeve, the sleeve acting as a trap which isolates the elongate 
conductive elements from ground, and wherein the second 
mode of resonance is characterised in operation of the 
antenna at the lower frequency by a voltage minimum at or 
adjacent the coupling of the sleeve to the feeder structure. 

27. An antenna system according to claim 26, wherein the 20 
upper frequency is a function of the electrical length of the 
elongate element, whilst the lower frequency is a function of 
the sum of the electrical length of the elongate element and 
the electrical length of the sleeve. 

28. An antenna system according to claim 27, wherein the 25 
average electrical length of the elongate conductive ele- 
ments is at least approximately 180^ at the upper frequency, 
and the sum of the average electrical length of the elongate 
conductive elements and the average electrical length of the 
sleeve in the longitudinal direction of the antenna is at least 30 
approximately 180** at the lower frequency. 

29. An antenna system according to claim 28, wherein the 
elongate conductive elements consist of two pairs of helical 
elements, the elements of each pair being diametrically 
opposed on the cylindrical outer surface of the core with 35 
those of one pair being longer than those of the other pair, 
whereby the first mode of resonance is a circular polarisation 
mode associated with circularly polarised signals directed 
along the central axis of the core, and the second mode of 
resonance is a linear polarisation mode associated with 40 
signals polarised in the direction parallel to the core axis. 

30. An antenna system according to claim 16, wherein 
said at least one elongate conductive element and the sleeve, 
together with the core, constitute a unitary structure having 

a plurality of different modes of resonance whidi are char- 45 
acterised by standing wave maxima and minima of differing 
patterns within the unitary structure. 

31. An antenna system according to claim 30, wherein 
each of said patterns of standing wave maxima and minima 
exist on the outer surface of the core between the distal 50 
connection of the at least one elongate conductive element 

to the feeder structure and proximal coupling of the sleeve 
to the feeder structure. 

32. An antenna system according to claim 16, wherein the 
core is a solid cylindrical body of ceramic material with an 55 
axial bore containing the feeder structure, and wherein the 
elongate conductive elements are helical. 

33. A radio communication system comprising an antenna 
system according to claim 16, wherein the antenna system 
has a pluarity of ports a satelhte positioning or timing 60 
receiver connected to one of the said ports, and cellular or 
mobile telephone circuitry connected to another of said 
ports, the antenna and the filters being configured such that 
the one of the upper and lower frequencies lies in the 
operating band of the receiver and the other of the upper and 6S 
lower frequencies lies in the operating band of the mobile 
telephone circuitry. 



34. A radio communication apparatus comprising an 
anteima and, connected to the antenna, radio communication 
circuit means operable in at least two radio frequency bands, 
wherein the antenna comprises an elongate dielectric core, a 
feeder stmcture which passes through the core substantially 
from one end to the other end of the core, and, located on or 
adjacent the outer surface of the core, the series combination 
of at least one elongate conductive antenna element and a 
conductive trap element which has a grounding connection 
to the feeder structure in the region of the said one end of the 
core, the or each anterma element being coupled to a feed 
connection of the feeder structure in the region of the said 
other end of the core, and wherein the radio communication 
circuit means have two parts operable respectively in a first 
and a second of the radio frequency bands and each asso- 
ciated with respective signal lines for conveying signals 
between the antenna feeder structure and the respective 
circuit means pari, the antenna being resonant in a first 
resonance mode in the first frequency band and in a second 
resonance mode in the second frequency band. 

35. An apparatus according to claim 34, wherein the first 
and second modes of resonance are associated respectively 
with substantially balanced and single-ended feed currents at 
the feed connection. 

36. An apparatus according to claim 34, wherein the 
conductive elements of the series combination, and the 
dielectric core, constitute a unitary structure having a plu- 
rality of different modes of resonance which are character- 
ised by standing wave maxima and minima of differing 
patterns within the unitary structure. 

37. An apparatus according to claim 36, wherein the 
antenna is formed without lumped filtering components 
dividing the antenna into separately resonant parts, and 
wherein all conduction paths of the unitary structure are 
available to currents at all frequencies, the resonant paths at 
each resonant frequency being the preferred paths at that 
frequency. 

38. An apparatus according to claim 34, wherein the core 
is a rod of solid dielectric material having a relative dielec- 
tric constant greater than 5, and wherein the said series 
combination comprises at least one pair of longitudinally 
coextensive elongate antenna elements and the trap element 
is a conductive sleeve encircling the rod on the surface of the 
rod. 

39. An antenna comprising: 

an elongate core with a relative dielectric constant greater 
than 5; 

at least one pair of elongate conductive elements located 
in a longitudinally coextensive and laterally opposed 
relationship on or adjacent an outer surface of a distal 
part of the core; 

a conductive sleeve surrounding a proximal part of the 
core; a longitudinal feeder structure extending through 
the core, said elongate conductive elements extending 
between distal connections to the feeder structure and 
a distal rim of the sleeve; 

wherein the elongate conductive elements are adapted 
such that the antenna operates in at least two spaced 
apart frequency bands, one of the bands containing a 
first frequency at which the antenna exhibits a first 
mode of resonance, said first frequency being 1.575 
GHz, and another of the bands containing a second 
frequency at which the antenna exhibits a second mode 
of resonance which is different from the first mode, said 
second frequency being in the band of from 800 to 900 
MHz. 
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[57] ABSTRACT 

A helical antenna structure is deformable and capable of 
being stowed in a small volume. At deployment, the helical 
antenna structure uses the stored strain energy in its resiUent 
helices to revert to its original shape without the use of any 
outside force. Multiple antenna structures can be linked 
using a plurality of resilient lenticular shaped hinges. 
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SELF-DEPLOYB^G HELICAL STRUCTURE to extended position on a spacecraft in space. Typically, a 

spacecraft deployable structure requires a mechanical 
This application is a continuation of application Ser. No. means, such as a separate spring or motor, to supply the 
08/561,261, filed Nov. 13, 1995 which is a cont of Ser. No. requisite motive force to extend the antenna from its col- 
08/192324 filed Feb. 4, 1994. 5 lapsed state. Any mechanical failure results in such antenna 

not being properly deployed. Thus, a self-deploying antenna 
BACKGROUND OF THE INVENTION not susceptible to such mechanical failure is desirable. 



1. Field of the Invention 

The invention relates generally to self-deploying, helical 
structures and more particularly to a self-deploying helical 
structure employed as an antenna. 

2. Description of the Related Art 

Helical antennae are generally well-known in the art. 
While some helical antennae are designed to be permanent 
and stationary in their operating configuration, it is often 
desirable to have an antenna capable of being transported 
and then deployed into its extended operating configuration. 
Thus, many attempts have been made to design helical 
antennae capable of being collapsed and transported and 
then deployed into the extended operating configuration. 

For example, U.S. Pat. No. 3,836,979 to Kurland et al. for 
a "Lightweight Deployable Helical Antenna" discloses a 
helical antenna coiled about a longitudinally extendable and 
contractible supporting stmcture comprising a truss frame 
constructed of resiliently flexible strain energy beams. The 
antetma is collapsible to a relatively compact configuration 
for stowage and erects automatically, when released, under 
the force of the strain energy stored in the anteima beams. 

U.S. Pat No. 4,068,238 to Acker for an "Elastic Strain 
Energy Deployable Helical Antenna" also discloses a helical 
antenna having a tubular resiliently flexible antenna element 
fixed at one end to a support and formed into a normally 
extended, resiliently compressible helix. The antenna 
includes a plurality of flexible tension members of shorter 
overall length than the axial length of the helix if the helix 
were allowed to become fiilly extended. The flexible tension 
members are fixed at one end to the support, extend axially 
of the helix, and are secured to its helical turns. The antenna 
is compressible axially for storage and is deployable axially 
by stored elastic strain energy to an extended operating 
length at which the tension members are stressed in tension 
by the helix to reinforce the latter against deflection laterally 
of its longitudinal axis. 

U.S. Pat. No. 4,780,727 to Seal et al. for a "Collapsible 
Bifilar Helical Antenna," discloses a bifilar helical antenna 
wound about a rigid mast and a plurality of support arms. 
The support arms are slidable along the axis of the mast to 
allow for expansion and contraction of the helices. The mast 
includes multiple sections which can be added or removed 
to permit adjustment of the axial length of the mast. 

U.S. Pat. No. 3,059,322 to Tcaguc for a "Method of 
Making a Collapsible Antenna of Wire Mesh" discloses a 
collapsible antenna which can be rolled and unrolled manu- 
ally into, respectively, a collapsed and extended condition. 
The antenna, which is not a helical antenna, is constructed 
of wire mesh. 

While these antennae may be stored in a smaller volume 
in their coUapsed state than in their deployed configuration, 
none provides the flexibility and compactness of the present 
invention. Moreover, unlike the antenna of the present 
invention, the helical antennae described in the foregoing 
patents, among other things, are only capable of longitudinal 
contraction. While such antennae may be acceptable for 
helical antennae being deployed on Earth, they are not 
adapted for automatic deployment from a compacdy stowed 



SUMMARY AND OBJECTS OF THE 
INVENTION 

It is a general object of the present invention to provide a 
self-deploying, helical structure. 

It is a more precise object of the present invention to 
provide a helical structure capable of being partially 
IS cmmpled into a compact volume for storage and of self- 
deploying using energy stored in the crumpled helical stmc- 
ture. 

Another primary object of the present invention is to 
provide a highly reliable, helical antenna that does not 
require any external energy to deploy it from a collapsed to 
a friUy extended configuration. 

These objects are accomplished in the present invention 
by a helical structure capable of being stowed in a rolled-up 
or other distorted configuration occupying a compact vol- 
ume. The helices comprise resilient strips having one end 
attached to a top ring and the other end attached to a bottom 
ring. Intermediate rings are included throughout the length 
of the stmcture for added stability. 

The resilient strips are placed around an aluminum man- 
drel in the desired helical configuration. The strips are 
attached at each of their ends to an end ring. Intermediate 
rings are attached around the resilient helical strips to help 
hold the helical strips in their desired spaced relationship. 
The apparatus then is heated and allowed to cool before it is 
removed from the mandrel. This heating and cooling process 
causes the heUcal strips to retain their shape. Conductive 
strips are attached to some or all of the resilient strips to form 
the antenna. 

40 The entire helical structure can be rolled up or its normal 
configuration otherwise distorted for storage in a compact 
volume. Later, when released, the structure is self-deployed 
by the energy stored in the resilient helical strips as they 
resume their helical configuration. Thus, once released from 

45 its stowed position, no external means is required to deploy 
the structure into its extended configuration. 

In a second embodiment, an antenna assembly includes 
several resilient helical stmctures, each of which has a boom 
segment extending axially the length thereof with each pair 

50 of adjacent ends of the boom segments being joined together 
by flexible "tape" hinges. The "tape" employed has a 
configuration and resiliency analogous to that of a carpen- 
ter's metal measuring tape. The helical stmctures can be 
folded so that they overlie one another by deforming the tape 

55 hinges. The antenna assembly thus can be both folded and 
deformed for stowage in a spacecraft. Once the antenna 
assembly is released for deployment, the helical structures 
return to their original shape and the tape hinges "lock" into 
place so as to align the helical structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a helical antenna of the 
present invention in its deployed position; 

FIG. 2 is a schematic view of a portion of the helical 
65 antenna of FIG. 1 beginning to be rolled up; 

FIG. 3 is a schematic view of the helical antenna of FIG, 
1 in its completely rolled up position for stowage; 
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FIG. 4 is a schematic view of a second embodiment of the In FIG. 1, conductive strips S4a-d are wound so as to 
present invention shown in its deployed position and overlie four helical strips 44a-d travelling around the man- 
attached to a spacecraft; drel in the same direction (ix.^ forming cither a right-handed 

FIG. 5 is a perspective view of one of the antenna left-handed heUx. depending upon the desired antenna 

elements shown in FIG. 4; 5 polarization). Conductive strips 54a-^ are wound spaced 

™^ ... , ^ r ri-r^ 90° apart. In the alternative embodiment discussed above 

FIG. 6 IS a section view taken along hne 6-^ of FIG. 5; ^ p^j 5^ conductive strips can be wound in both 

FIG. 7 is an enlarged view of the circled portion of FIG. directions (i.e., some conductive strips S4a-d forming a 

^> right-handed helix and some conductive strips S2a-d form- 

FIG. 8 is a perspective view of a boom design for use with ing a left-handed helix), 

the present invention; Antenna 10 is constructed by first placing top ring 46 and 

FIG. 9 is a section view of a boom and hinge assembly bottom ring 48 around an aluminum mandrel. Resilient 

taken along line 9 — 9 of FIG. 8; helical strips 44a--h are wound around the mandrel and 

HG. 10 is a section view of a boom segment showing feed attached at their ends to top ring 46 and bottom ring 48. In 

holes and feeds therein; 15 antenna of FIGS. 1 and 5, four resilient helical strips 

FIG. 11 is a schematic view of a boom segment showing ^ f '"f r'^''!,!^ ^ ^"^^^^^^^ ^? 

feed holes and feeds therein; L^^.^'^^'^^ J^fo^ other four resilient hehcal strips 

^ - . r rrw-T^ L . 44e-A spaced 90 apart are wound m the opposite direction 

FIG.12isapefspectiveviewofaUHFantemiashownin ^ ^ left-handed helix. Intermediate rings 50 are 

* ' attached to the exterior of resilient helical strips 44a-4i to 

FIG. 13 is a perspective view of an alternative embodi- help hold helical strips 44a-h in their desired relationship 

ment of a UHF antenna shown in FIG. 4; and to maintain a cylindrical shape. In the preferred 

FIG. 14 is a section view of the antenna system of FIG. embodiment, top ring 46, bottom ring 48 and intermediate 

4 stowed within a spacecraft; rings 50 are identical and are made of the same material as 

FIG. 15 is a section view of the antenna system of FIG. resilient helical strips 44a-^. 

14 beginning to deploy; In the preferred embodiment, this entire structure is 

FIG. 16 is a section view of the antenna system of FIG. heated, first to 730* F. for 20 minutes under vacuum 

14 in the process of deploying at a time after that shown in (approximately 28 inches of mercury), then at 600* F. for 30 

FIG. 15; and minutes. Finally, the structure is cooled to 170** F. before 

FIG. 17 is a section view of the antenna system of FIG. 30 releasing the vacuum. Hiis process causes resiUent heUcal 

14 deploying toward its extended configuration at a time s^Ps 44a-^ to retain their shape after being allowed to cool 

after that shown in FIG. 16. being removed from the mandrel. Conductive strips 

S4a-<i (and 52a-~d in the FIG. 5 embodiment) are then 

DETAILED DESCRIPTION OF THE attached to form the anteima or antennae. 

PREFERRED EMBODIMENT ^^^^ finished, antenna 10 is flexible and lightweight and 

Referring to FIG. 1, an antenna 10 is shown. Antenna 10 can be stored in a compact volume. For example, antenna 10 

has resilient helical strips 44ff-A, conductive strips 34a~-d, can be rolled up from top ring 46 to bottom ring 48, such that 

top ring 46, bottom ring 48 and intermediate rings 50. top ring 46 is in the center and tx)ttom ring 48 is on the outer 

AntennalOof FIG. 1 includes eight resilient helical strips surface, i.e., in a coil configuration. FIGS. 2 and 3, 

44a-^. Resilient helical strips 44a-ft can be made of, for 40 respectively, schematically show antenna 10 partially rolled 

example, "S"-Glass/PEEK ^^oly Ether Ether Ketone). The and completely rolled. In addition, antenna 10 can be stowed 

resiliency of this material allows antenna 10 to be rolled up in a partially squashed configuration to reduce its thickness, 

or otherwise distorted from its normal configuration to fit as shown in FIG. 14. 

into a compact vohimc and later to self-deploy. Conductive Antenna 10 is especially useful in spacecraft applications 

strips S4a-d are applied to some or all of resilient helical as in which payload space is at a premium. Antenna 10 requires 

strips 44a~h by means of a pressure sensitive adhesive. a minimum of space because it can be rolled or otherwise 

Conductive strips S4a~d can be made of gold, copper, or deformed from its normal configuration to fit into a compact 

other suitable conductive material as is known in the art. or irregular volume. When it is desired to deploy antenna 10 

A quadrifilar antenna employs four conductive strips into its extended configuration, antenna 10 self-deploys 

S4a-<i. Alternatively, as shown in FIG. 5, a portion of the 50 without the use of any external force by simply releasing the 

helical structure can include four conductive strips 54a-d energy stored in the resilient strips 44a~h at the time they 

wound so as to provide right hand polarization, and a second were rolled up or otherwise deformed. Because no moving 

portion can include four conductive strips Sla-~d wound so parts are required for deployment into the extended 

as to provide left hand polarization, thereby providing two configuration, once antenna 10 is released from the rolled-up 

antennae of opposite polarizations. A single polarization 55 orotherdeformedpositionin which it is stowed, deployment 

quadrifilar embodiment is shown in FIG. 1. Antenna 10 of antenna 10 is extremely reliable, 

includes a top ring 46 at one end to which an end of each of In the embodiment shown in FIG. 1, the helical structure 

resilient helical strips 44a-/t is attached. On the opposite end serves as a helical antenna. It should be recognized, 

of antenna 10, a bottom ring 48 is attached similarly to the however, that the helical stmcture can be used in many 

opposite end of each of resilient helical strips 44a-h. Inter- 60 applications other than as an antenna. For example, the 

mediate rings 50 are attached around resilient helical strips helical structure can be covered with suitable material, e.g., 

44^/1 in order to maintain the helical shape of antenna 10 polytetrafluoroethylene (FTFE), and used as a solar sail for 

when in its deployed, extended configuration. In the pre- positioning a satellite while in orbit. Another possible use of 

ferred embodiment, intermediate rings 50 are placed around the helical stmcture is to support a lip mass and thereby 

each intersection of helical strips 44a-h as well as around 65 provide a gravity gradient boom. By extending the boom, a 

the midpoint between successive intersections of helical satellite's orientation with respect to the Earth can be 

strips 44a-h. stabilized, as is known in the art. 
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In additioD, the self-deploying, helical structure of the 55a-d, respectively, which is trimmed appropriately to 

present invention could be used in a variety of applications improve the signal pattern. 

on Earth where it is desirable to have a support member that a layer 59 about 2 millimeters thick of PTFE or other 

can be stored compactly and that is self-deploying. suitable gathering means can cover antenna array elements 

An alternative embodiment, shown in EIG. 4, uses an ^ 32b and 34b to provide further structural support or to allow 

arrayed approach. A detailed disclosure of this arrayed the antenna system to be used as a solar sail, for example. A 

approach is described in the co-pending U.S. patent layer 61 of Kapton or other suitable Mylar or polyester film 

application, the contents of which are hereby incorporated can cover the interior of antenna array elements 32b and 34b 

by reference, entitled "An Axially Arrayed Helical to prevent antenna array elements 32b and 346 from adher- 

Antenna," Ser No. 08/191,247, filed Feb. 4, 1994, and 10 ing to themselves upon deformation. Layer 59 and layer 61 

assigned to the same assignee as the present invention. An can be seen most clearly in FIG. 7. For those embodiments 

antenna assembly 30 comprises first and second helical array using spokes S8a-h to support a boom segment (as 

antennae, comprising, respectively, array elements 32a,b described below), spokes SSa-it are bonded to end rings 46 

and 34a,b. Antenna assembly 30 also comprises third and and 48 and therefore layer 61 does not extend to end ring^ 

fourth antennae 36a and 366, which are moimted on either 46 and 48 because layer 61 does not provide an adequate 

half of a helical structure 41 of the same type as shown in surface for bonding spokes SSa-h, 

FIG. 3. Third and fourth antennae 36a and 366 can be of As most clearly seen in FIG. 6, the interior of antenna 

opposite polarity by having the four conductors on the left array element 32b houses an «S"-Glass/PEEK hub 56 from 

halfoverlying helical strips wound with a right-handed pitch ^hich eight "S"-Glass/PEEK spokes 5Sa-h emanate, 

and the four conductors on the right half overlying helical 20 Sp^j^^ 5g^_;, attached to end ring 46, for example, in 

strips wound with a left-handed pitch, or vice-versa. the same manner as rings 46 and 48 are bonded to helical 

The first antenna comprises antenna array elements 32a, 6 strips 44a~h. A boom segment 60a (shown in FIG. 5, but 

both of which are left-handed quadrifllar helices. The second omitted in FIG. 6 for clarity) is supported by hub 56. A 

antenna comprises antenna array elements 34a,b both of similar hub and spoke arrangement is housed within antenna 

which are right-handed quadrifilar helices. Antenna array array element 346 at the other end of the helical structure, 

elements 32a and 34a are physically located on a helical As shown in FIG. 4, a boom 60, comprising boom 

structure 40 and antenna anay elements 326 and 346 are segments 60a-c, extends axially through antenna array 

physically located on a helical structure 42. elements 32^j,6 and 34a,6 and antennas 36fl,6. Boom seg- 

It should be recognized that the helical structure of the ments 60a-c include many common elements. Boom seg- 

present invention can be used to support antennae of more ments 60a-c are constructed from an aluminum beryllium 

or fewer than four conductors, as desired for a particular (AlBe) alloy, AlBeMet, having a high "E" and thermal "K". 

application. Referring to FIG. 8, four pop-up flaps 62 extend longitudi- 

Helical structure 42 is a resiUent heUx comprising four nally along each of boom segments 60a-< to provide RF 

«S"-Glass/PEEK resiUent strips 44a-d and four counter- 35 symmetry. Pop-up flaps 62 are "L"-shaped. The shorter 

wound "S"-Glass/PEEK resilient strips 44e-h. As shown in portion of each pop-up flap 62 is bonded to the boom 

FIG. 5, each of strips 44^1-^ may actually comprise two segment using a conductive, e.g., silver filled, epoxy. The 

closely spaced strips to allow for lighter weight and lo°g®r portion of pop-up flap 62 normally is substantially 

increased resiliency. Resilient helical strip 44fl is parallel to perpendicular to boom segments 60«-c and will return to its 

strips 446-^/ and spaced physically apart 90** from adjacent 40 substantiaUy perpendicular orientation after being deformed 

strips 44b,d, Each of rcsUicnt helical strips 446^ has a ^ against boom 60 during stowage, 

corresponding relationship Avith the other strips. Resilient Pop-up flaps 62 are made from beryllium copper (BeCu) 

helical strips 44^ are wound in the opposite direction of that is preformed to its desired shape and held at 90** F. in a 

strips 44a-</. Each of resilient helical strips 44e-h is parallel steel die. Pop-up flaps 62 are then heat treated to 625* F. for 

to the others and spaced physically 90** apart from the two 45 one hour. A pair of pop-up flaps 62 is provided on the boom 

adj acent strips. segment within each antenna array element 32^z^6 and 34<i,6, 

Resilient helical strips 44a-^ are joined to end rings 46 ^^^^ antenna 36fl,6. For example, antenna 366 is 

and 48 and intermediate rings 50 using a suitable adhesive provided with one pop-up flap 62 located 00 the top of boom 

57, as illustrated in FIG. 7. End rings 46 and 48 and segment 606 and another pop-up flap 62 located beneath 

intermediate rings 50 also are made of "S"-Glass/PEEK. 50 segment 606. Antenna element 36fl also is provided 

Copper strips S2a-d and S4a-d are attached to the exterior ^ith a pair of pop-up flaps 62 located on boom segment 606. 

of resiUent strips 44a-h, end rings 46 and 48 and interme- 1^^' ®*ch of boom segments 60^-^ has attached to it four 

diate rings 50 using an adhesive 51, e.g., thermoplasUc P^P-^P A^PS ^2— two pop-up flaps for each antenna 

silicone adhesive, which can be a backing on the copper element, with one pop-up flap of each pair above the boom 

strips, as shown in FIG. 7, to form antenna array elements 5S segment and one pop-up flap of each pair below the boom 

326 and 346. Copper strips S2a-d and 54a-d are preferably segment. 

as wide as resilient helical strips 44a-A. Where resilient Referring to FIG. 8, boom segments 60fl-c each include 

strips 44a-h are each made from two closely spaced strips, eight feed holes 64a-h for connecting each antenna array 

copper strips S2a-d and $4a-d preferably are wide enough element 32^7^6 and 34ajb and each antenna 36/7,6 to appro- 

to i^ach the outer edges of the two closely spaced strips, and 60 pnate electrical circuitry (not shown) housed within boom 

the portions of copper strips 52^-rfand S4a~d that are not segments 60a-c. 

overlying a portion of "S"-Glass/PEEK structure are Feed holes 64a-^ house feeds 67a-d, as shown in FIGS, 
removed. This removal of portions of copper strips S2a-d 10 and 11, for one antenna array element, e.g., 32a, while 
and 54a-d reduces the weight of the antenna system without feed holes 64e~h house feeds 67^A for the other antenna 
causing any significant change in the electrical characteris- 65 array element, e.g., 34fl. Feeds 6lQ-h are attached to con- 
tics of copper strips S2a-d and S4a-d. Each of capper strips nector blocks 69. Feed holes 64a,b,eJ zxt located on top of 
52a~d and S4a-d includes a reflective portion S3a-d and each boom segment and feed holes 64c,d,g,h are located on 
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the bottom of each boom segment. RGS. 10 and 11 sche- A FTFE distributed gravity gradient mass S2 is bonded to 

matically show the relationship between feed holes 64a~d lenticular stiffener 80. Distributed gravity gradient mass 82 

and feeds 67a-^. As shown in FIGS. 12 and 13, boom biases the satellite in a desired direction with respect to the 

segment 60c has an additional set of feed holes 64/-/ to feed Earth to facilitate attitude control of the spacecraft. Gravity 
a UHF antenna 38. 5 gradient mass 82 is distributed along a length of stiffener 80 

Referring again to FIG. 8, conductive copper foil tape 65 to be more easily supportable, 

covers boom segments 60a-c for grounding purposes. Tape Alternatively, as shown schematically in FIG. 13, a boom 

65 can be, but need not be, the same type of material used segment 84 extends through and beyond UHF antenna 38. 

to form the conductive strips of the antenna. Unlike boom segments 60fl-c, boom segment 84 is solid and 

Strips 66a-(i made of BeCu form a "tape" hinge, with one made of a noD-raetallic, dielectric material such as Torbn, a 

end of each strip attached to the end of a first boom segment polyamide-imide. As such, boom segment 84 docs not 

and the other end attached to a successive boom segment. require pop-up flaps. Boom segment 84 is supported by a 

Such tape hinges are used to join boom segments 60fl and hub and spoke arrangement (not shown) similar to those 

60b and to join boom segments 60b and 60c. Strips 66a-^ supporting boom segments 60a-c and is joined with boom 

preferably are bolted to boom segments 60a-c through segment 60c using strips 66fl-^ analogous to the strips 

attachment blocks 68. Strips 66a-wi are positioned with a connecting the other boom segments. An "S"-shaped actua- 

pair of strips 66a,6 above successive boom segments 606 tor hold down bracket 86 can be integral with, or have one 

and 60c and a pair of strips 66c,d below successive boom end bolted to, boom segment 84. Hold down bracket 86 is 

segments 606 and 60c. Each ofstrips66fl^ has a lenticular, attached to a non-explosive actuator 112 more fully 

i.e., slightly curved, cross-section as shown in FIG. 9. This described below. 

shape is similar to the shape of a carpenter's metal measur- FIG. 14 depicts in cross-section antenna assembly 30 

ing tape. This shape makes the tape hinges stiff when stowed within a spacecraft 114 prior to deployment. Antenna 

opened. Strips 66a-^ can be bent 180^ when antenna assem- assembly 30 is folded at tape binges 66 (illustrated sche- 

bly 30 is stowed in a satelhte. When antenna assembly 30 matically in FIG. 14) so that the antenna elements overlie 

opens after deployment, the tape hinges lock into opened one another. In this stowed position, UHF antenna 38, 

position and return boom segments 60a-c into an aligned helical structures 40, 41 and 42 and their corresponding 

configuration. antennae are resiliently compressed to occupy a smaller 

Boom segments 60fl-c can house within them circuit thickness and thereby fit within the space between shelf 108 

boards 63 that are attached to attachment blocks 68 having and solar anay panel 1006. The end of boom 60 is attached 

cable connectors. Attachment blocks 68 also facilitate to a 180' constant torque hinge 104. One suitable hinge is 

attachment of the "tape" hinges formed from strips 66a~^, described in the co-pending U.S. patent application, the 

Cable service loops 70 are provided at each hinged joint. contents of which are hereby incorporated by reference, 

Boom segment 60fl is supported near each end by a hub 56 entitled "Shear Viscous Damped Hinge," Ser. No. 08/191, 
and spokes 5Sa-h. Similar hubs and spokes (not shown) „ 246 filed Feb. 4, 1994, and assigned to the same assignee as 

support boom segments 606 and 60c. Boom segment 60a the present invention. Antenna assembly 30 is disposed 

also can have, for example, a magnetometer 72 for deter- against a payload shelf 108. Solar array panels lOOa and 

mining the location of the satellite with respect to the Earth are attached to spacecraft 114 via solar array hinges 

by measuring the Earth's magnetic field. and 1026. Solar array panels ICOa and 1006 form a top 

UHFantenna38ofnG.12ismadcof«S".Glass/PEEK 40 t^"""' spacecraft 114. A double lanyard non- 

resilient strips 76 and conductive copper strips 78 in a V^^'^'''^^ ^^^^""^ ^"^^ f^^} Tlu^ solar array panels 

manner analogous to that described above for the other ^^^^ ^^"^ ^^^^ }?f P^^^^' 

antennae. UHF antenna 38 extends beyond antemia array ^^^^ absorption durmg launch of the satelhte. 

element 32a, Resilient strips 76 of UHF antenna 38 are When antenna assembly 30 is to be deployed, the double 
shaped in a manner analogous to resilient strips 44a-h of 45 lanyard nonnexplosivc actuator is released and solar array 

antenna array elements 326 and 346. In the embodiment panels 100a and 1006 pivot 90° about solar array hinges 

shown, conductive copper strips 78 form a right-handed l<*2fl and 1026. As solar anray panel 1006 is rotated, first 

quadrifilar helix about resilient strips 76. If desired, a phase deployment begins. Antenna assembly 30 springs out 

left-handed quadrifilar helix could be formed instead. by a combination of: (1) the strain eneigy stored in antenna 
Coaxial feeds from feed holes 64i-/ of boom segment 60c 50 assembly 30 when it is partially flattened between solar 

are soldered and bonded to the ends of the respective helical array panel 1006 and payload shelf 108; and (2) the urging 

conductive copper strips 78. of 1^** constant torque hinge 104. At this point, lenticular 

UHF antenna 38 also includes an «S".Glass/PEEK len- ^'^^^"^^ 8*) of UHF antenna 38 is held to boona segment 60a 

ticular stiffener 80 bonded to the interior of UHF antemia 38. ^ «^f^ J^y?^^ non-explosive actuator 112 with a delrm 

One end of lenticular stiffener 80 is attached to the end of ss «P^«^^ lenticular stiffener 80 to non-explosive 

boom segment 60c and fiinctions as a bendable hinge. ^""^^^""'J^ embodmient using boom segment 84 

Lenticular stiffener 80 is attached to boom segment 60c, for V"^ ' 'T'""' t ^ ^ 

example, by bohing. A curved spacer 81 made of FTFE attached du;ecdy to non-explosive actuator 112 and delrm 

facilitates this attachment by filling the space between the ^^^^^ omitted. 

bottom of boom segment 60c and the top of lenticular 60 Th"s, as shown in FIG. 15, when solar array panel 1006 

stiffener 80. Thus, when antenna assembly 30 is stowed, the releases antenna assembly 30, antenna assembly 30 begins 

end of stiffener 80 near boom segment 60c is bent back so to pivot about torque hinge 104. Antenna assembly 30 will 

that stiffener 80 and antenna 38 are folded against helical pivot ISO** about constant torque hinge 104 to the location 

structure 40. Upon being released for deployment, the depicted in FIG. 16. When antenna assembly 30 has pivoted 
resilient nature of stiffener 80 causes it to su-aighten out 65 180°, phase one deployment is complete, 

again so as to axially align stiffener 80 and boom segment At this point, a single lanyard non-explosive actuator 112 

60c. is released to begin phase two deployment. Non-explosive 
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actuator 112 separates UHF antenna 38 from boom segment 
60a. Antenna assembly 30 begins to unfold with the various 
antenna elements moving in the direction of the arrows 
shown in FIG. 17. Antenna assembly 30 continues to unfold 
until it reaches the deployed configuration shown in FIG. 4. 
'Hipe hinges 66 and lenticular stiffener 80 snap back into an 
axially aligned orientation. Not only does antenna assembly 
30 unfold into alignment, each helical element of antenna 
assembly 30 springs back to a shape having a substantially 
circular cross-section. This return to shape allows the vari- 
ous antennae of antenna assembly 30 to operate. 

Whereas the present invention has been described with 
respect to specific embodiments thereof, it will be under- 
stood that various changes and modifications will be sug- 
gested to one skilled in the art and it is intended that the 
invention encompass such changes and modifications as fall 
within the scope of the appended claims. 

What is claimed is: 

1. A method of making a resilient, flexible helical 
stioicture, comprising the steps of: 

(a) joining at least one flexible support strip to at least one 
flexible conductive strip; 

(b) attaching one end of the at least one joined support 
strip and conductive strip to a first ring; 

(c) wrapping the at least one joined support strip and 
conductive strip around a mandrel to form at least one 
helical strip; 

(d) attaching a second end of the at least one helical strip 
to a second ring to form the helical structure; 

(e) treating the helical structure so that it will retain its 
shape and be resiliently compressible in a direction 
perpendicular to its longitudinal axi^ and 

(£) removing the heUcal structure from the mandrel 

2. The method of claim 1 further comprising the step of 
attaching at least one intermediate ring to the at least one 
helical strip. 

3. The method of claim 1 wherein said treating of said 
helical structure comprises heating said helical structure 
while said helical structiue is around said mandrel. 

4. The method of claim 1 wherein said treating step 
further comprises treating the helical structure so that it is 
stowable in a first, coiled configuration with the at least one 
helical strip coiled about the first ring and with the second 
ring positioned on the outside of the coil and in which 
energy is stored in the at least one coiled, resilient helical 
strip so that the helical structure is self-deployable by the 
release of the energy stored in the at least one coiled, 
resilient helical strip into a second, extended boom configu- 
ration with the first ring and the second ring positioned at 
opposite ends thereof. 

5. A self-deploying helical structure, comprising: 
a plurality of resilient helical strips; 

a top ring attached to support one end of each said helical 
strip; and 

a bottom ring attached to support a second end of each 
said helical strip; 

wherein the helical structure is stowable in a first, coiled 
configuration with said helical strips coiled about said 
top ring and with said bottom ring positioned on the 
outside of the coil and in which energy is stored in said 
coiled, resilient helical strips; and 

wherein the helical sUiicUire is self-deployable by the 
release of the energy stored in said coiled, resilient 
helical strips into a second, extended boom configura- 
tion with said top ring and said bottom ring positioned 
at opposite ends thereof. 



30 



6. The self -deploying helical structure of claim 5 wherein 
said helical strips are resiliently compressible in a direction 
perpendicular to the longitudinal axis of the helical struc- 
ture. 

5 7. A self-deploying helical antenna, comprising: 
a plurality of resilient helical strips; 
a top ring attached to support one end of each said helical 
strip; 

a bottom ring attached to support a second end of each 

said helical strip; and 
at least one conductive strip, each said conductive strip 
having substantially its entire length bonded to at least 
one of said resilient helical strips; 
15 wherein the helical antenna is stowable in a first, coiled 
configuration with said helical strips coiled about said 
top ring and with said bottom ring positioned on the 
outside of the coil and in which energy is stored in said 
coiled, resilient helical strips; and 
20 wherein the helical anteima is self-deployable by the 
release of the eneigy stored in said coiled, resilient 
helical strips into a second, extended boom configura- 
tion with said top ring and said bottom ring positioned 
at opposite ends thereof. 
25 8. The self-deploying hehcal antenna of claim 7 wherein 
said helical strips are resiliently compressible in a direction 
perpendicular to the longitudinal axis of the helical antenna. 

9. A self-deploying solar sail, comprising: 
a plurality of resilient helical strips; 
a top ring attached to support one end of each said helical 

strip; 

a bottom ring attached to support a second end of each 
said helical strip; and 
35 gathering means for receiving solar energy, said gathering 
means being attached to said helical strips; 
wherein the solar sail is stowable in a first, coiled con- 
figuration with said helical strips coiled about said top 
ring and with said bottom ring positioned on the outside 
40 of the coil and in which energy is stored in said coiled, 
resilient helical strips; and 
wherein the solar sail is self-deployable by the release of 
the energy stored in said coiled, resilient helical strips 
into a second, extended boom configuration with said 
^5 top ring and said bottom ring positioned at opposite 
ends thereof. 

10. The self-deploying solar sail of claim 9 wherein said 
helical strips are resiliently compressible in a direction 
perpendicular to the longimdinal axis of the solar sail. 

50 11. A method of making a resihent, flexible helical 
structure, comprising the steps of: 

(a) joining at least one flexible support strip to at least one 
flexible conduct ive strip; 

(b) attaching one end of the at least one joined support 
strip and conductive strip to a first ring; 

(c) wrapping the at least one joined support strip and 
conductive strip around a mandrel to form at least one 
helical strip; 

go (d) attaching a second end of the at least one helical strip 
to a second ring to form the helical structure; 
(e) treating the helical structure so that it is stowable in a 
first, coiled configuration with the at least one helical 
strip coiled about the first ring and with the second ring 

65 positioned on the outside of the coil and in which 
energy is stored in the at least one coiled, resilient 
helical strip so that the helical structure is self- 
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deployable by the release of the energy stored in the at 
least oae coiled, resilient helical strip into a second, 
extended boom configuration with the first ring and the 
second ring positioned at opposite ends thereof; and 
(f) removing the helical structure from the mandrel. 

12. The method of claim 11 wherein said treating step 
further comprises treating the helical structure so that it will 
retain its shape and so that the at least one helical strip is 
resiliently compressible in a direction perpendicular to the 
longitudinal axis of the helical structure. 

13. A compressible helical stricture, comprising: 
a plurality of resilient helical strips; 

a top ring attached to support one end of each said helical 
strip; 

a bottom ring attached to support a second end of each 
said helical strip; and 

a plurality of copper strips, each said copper strip having 
substantially its entire length attached to at least one of 
said resilient helical strips; 

wherein the helical structure is stowable in a first, coiled 
configuration with said helical strips coiled about said 
top ring and with said bottom ring positioned on the 
outside of the coil and in v^ich energy is stored in said 
coiled, resilient heUcal stiips; and 

wherein the helical structure is self-deployable by the 
release of the energy stored in said coiled, resilient 
helical strips into a second, extended boom configura- 
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tion with said top ring and said bottom ring positioned 
at opposite ends thereof. 

14. The compressible helical structure of claim 13 
wherein said helical strips are resiliently compressible in a 
direction perpendicular to the longitudinal axis of the helical 
strucnire. 

15. A self-deploying helical structure, comprising: 
a plurality of resilient helical strips; 

a top ring attached to support one end of each said helical 
strip; and 

a bottom ring attached to support a second end of each 
said helical strip; 

wherein said helical strips are resiliently compressible in 
a direction perpendicular to the longitudinal axis of the 
helical structure; and 

wherein said top ring and said bottom ring are resiliently 
compressible in a direction perpendicular to the longi- 
tudinal axis of the helical structure. 

16. The helical structure of claim 15 further comprising a 
plurality of intermediate rings attached to support said 
helical strips between said top ring and said bottom ring, 
wherein said intermediate rings are resiliently compressible 
in a direction perpendicular to the longitudinal axis of the 
helical structure. 
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ABSTRACT 



An approach for connection of an antenna employs an 
antenna including at least one antenna contact; a swivel 
collar slidably coupleable with the antenna and including at 
least one collar contact; and an antenna coupler/connector 
insertable into the swivel collar. The approach may also be 
characterized as involving moving an antenna by sliding the 
antenna within a swivel collar, moving an antenna contact at 
an end of the antenna away from a swivel contact in the 
swivel collar; and inserting an antenna coupler/connector 
into the swivel collar including contacting the collar contact 
with a contact pad on the antenna coupler/connector. An 
alternative the approach may have an antenna including at 
least one antenna contact; a swivel collar slidably coupleable 
with the antenna and including at least one collar contact; a 
cavity enveloping the antenna when the at least one antenna 
contact is displaced away from the at least one collar 
contact, and a spring interposed between the basal end of the 
antenna and a basal end of the cavity for moving the antenna 
when the at least one antenna contact is not displaced away 
from the at least one collar contact. 

19 Claims, 8 Drawing Sheets 
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LOW INSERTION LOSS CONNECTION OF 
AN ANTENNA TO A MOBILE RADIO WITH 
RETRACTABLE SWIVELING ANTENNA 
FEATURE 

BACKGROUND OF THE INVENTION 

The present invention relates to low insertion loss con- 
nection of an antenna to a mobile radio, and more particu- 
larly to low insertion loss connection of an antenna to a 
satellite telephone. Even more particularly, the present 
invention relates to low insertion loss connection of an 
antenna to a satellite telephone with a swivel collar that 
allows a retractable antenna to swivel when deployed. Even 
more particularly, the present invention relates to a satellite 
telephone with a swivel collar that has two or more fixed 
detente positions to allow the user to fix an angle of swivel 
to one of the detente positions depending on whether the 
user holds the telephone in a left or right hand so that the 
antenna is pointing approximately vertically upwards in 
either case. Even more particularly, the present invention 
relates to a satellite telephone with a swivel collar and 
antenna slidable within the swivel collar so that the antenna 
can retract into a body of the telephone for protection from 
the elements, and against knocks and bumps as well as to 
keep maintain the appearance of the telephone as neat and 
tidy. Even more particularly, the present invention relates to 
a satellite telephone with a swivel collar and antenna slid- 
able within the swivel collar so that the antenna is in an 
upright position, pointing vertically upwards and more or 
less in a direction of a satellite, ready to receive a call even 
when the antenna is in a retracted position as long as the 
telephone is stowed upright in a shirt pocket or jacket, on a 
belt clip, or left standing upright on a fiat surface like a desk 
top or table. Even more particularly, the present invention 
relates to a satellite telephone with a swivel collar that has 
an antenna matching circuit built into it to allow a relatively 
lesser number of connections passing through a swivel joint 
for better reliability than in a case where the matching circuit 
is separate from the anterma, and to allow the antenna to be 
made shorter than in another case where the matching circuit 
is built into the antenna. 

In non-satellite transceivers, such as conventional cellular 
telephones, a connection to an external vehicular antenna 
can be made through a radio frequency connector normally 
located on the bottom of the telephone. In order to prevent 
both the phone antenna and the external vehicular antenna 
from radiating and/or receiving radio frequency energy at 
the same time, which can cause phasing and other problems, 
a radio frequency switch in the conventional cellular tele- 
phone switches internal connections from the telephone 
antenna to the external vehicular antenna connected to the 
radio frequency connector, when a connection is detected. 

In satellite transceiver applications, such as in satellite 
telephones, the use of a radio frequency switch for the 
purpose of switching internal connections from the phone 
antenna to the external vehicular antenna is not desirable due 
to the high insertion loss of the radio frequency switch. This 
high insertion loss is particularly problematic in satellite 
telephones because of the limited loss budget due to the 
greater distance between the satellite telephone and an earth 
orbit satellite with which it communicates. In order to make 
up this loss on the satellite side, by building a more 
sophisticated satellite, extremely high costs would be 
involved, such as on the order of 40 million dollars. 

One way in which to eliminate the radio frequency switch 
is to simply use a detachable connector to connect the 
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phone's antenna to the satellite telephone, and when use of 
the external vehicular antenna is desired to remove the 
telephone antenna and to connect vehicular antenna to the 
site on the satellite telephone from which the telephone 

5 antenna was removed. This approach is, however, awkward 
and time consuming, and therefore not highly desirable. 

Another approach is to employ an inductive coupler that, 
when the satellite telephone is inserted into a docking 
adaptor in the vehicle, surrounds the telephone antenna (or 

10 a portion thereoQ providing an inductive link between the 
external antenna and the satellite telephone. This approach, 
however, fails to achieve direct contact or close capacitive 
coupling between the vehicular external antenna and the 
satellite telephone, and thus also suffers from high insertion 

15 loss. 

Another difSculty faced in a satellite telephone environ- 
ment is the need to angle adjust or swivel the telephone 
antenna. This ability to angle adjust the antenna so as to aim 
the antenna toward the satellite with which it is communi- 
eating is needed because the telephone antenna's gain pat- 
tem is directional, and in a hand-held satellite telephone, a 
user is limited as to the angle at which the satellite telephone 
can be held in order to aim the antenna while at the same 
time maintaining the satellite telephone itself in a useable 
position near the user's ear and mouth. 

As a result, all presently-available satellite telephones, 
and most global positioning system receivers for that matter, 
include a swivel joint at the attachment of antenna to the 
telephone or receiver. When the antenna is completely 
folded against the satellite telephone or global positioning 
system receiver's housing, it is in a storage position, and by 
swiveling the antenna up so as to aim it at the satellite or 
satellites with which it is conununicating, the antenna is 
placed into a deployed position. 

This approach however fails to address the problem that 
the antenna is alongside the housing of the telephone in the 
stowed position and not adequately protected from the 
elements and against knocks and bumps, as well as not in 

^ line with the appearance of a whole and integral unit. This 
approach also fails to address the problem that the antenna 
is not able to receive a call when it is in the stowed position 
becatise it is pointing in a wrong direction. 
Another approach is to have a telescoping antenna, simi- 

45 lar to antennas commonly used with portable AM/FM broad- 
cast radio receivers, where a lower antenna element pivots 
relative to a housing body. This approach, however, fails to 
allow the antenna to slide into the housing of the radio for 
full retraction and protection. 

50 Yet another approach is to have a pivot on the antenna 
element itself with the antenna and pivot together slidable 
into a chaimel of the radio receiver's housing body. This 
approach, however, adds to the length of the antenna 
because a matching circuit has to be placed within the 

55 antenna clement above the pivot, as a connection between 
the matching circuit and the antenna has to be rigid for 
impedance matching, and therefore cannot be routed 
through the swivel joint. 
The present invention advantageously addresses the 

60 above and other needs. 

SUMMARY OF THE INVENTION 

The present invention advantageously addresses the needs 
above as well as other needs by providing a low insertion 
65 loss connection of an antenna to a mobile radio. 

In one embodiment, the invention can be characterized as 
a system for connection of an antenna to a mobile radio. 



04/13/2001, EAST Version: 1.02.0008 



6,a 

3 

Such embodiment employs an antenna including at least one 
antenna contact at a basal end thereof; a swivel collar 
slidably coupleable with the antenna and including at least 
one collar contact alignable with the at least one antenna 
contact when the antenna is in an extended position. In a 
variation of the present embodiment, the system includes an 
antenna coupler/connector insertable into the swivel collar. 
Hie antenna coupler/coimector includes an end for displac- 
ing the antenna contact away from the collar contact. The 
antenna coupler/connector includes at least one coupler pad 
alignable with the antenna feedpoint when the antenna 
contact is displaced away from the antenna feedpoint. 

In another embodiment, the invention can bo character- 
ized as a method for connection of an antenna to a mobile 
radio. The method involves the steps of moving an antenna 
by rotating the antenna with a swivel collar and then sliding 
the antenna within the swivel collar, the sliding including 
moving the antenna from an extended position to a retracted 
position including moving an antenna contact at a basal end 
of the antenna away from a collar contact in the swivel 
collar. In a variation of the present embodiment, the system 
includes inserting an antenna coupler/connector into the 
swivel collar including moving the antenna from the 
retracted position to a depressed position, and further includ- 
ing contacting or capacitively coupling the collar contact in 
the swivel collar with a contact pad on the antenna coupler/ 
connector. 

In an even further embodiment, the invention can be 
characterized as a system for coimection of an antenna to a 
mobile radio. The system of this embodiment has an antenna 
including at least one antenna contact at a basal end; a swivel 
collar slidably coupleable with the antenna and including at 
least one collar contact alignable with the at least one 
antenna contact when the antenna is in an extended position; 
a cavity enveloping the antenna when the at least one 
antenna contact is displaced away from the at least one collar 
contact; and a spring interposed between the basal end of the 
antenna and a basal end of the cavity for moving the antenna 
from a depressed position into a retracted position when the 
at least one antenna contact is not displaced away from the 
at least one collar contact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and advantages of 
the present invention will be more apparent from the fol- 
lowing more particular description thereof, presented in 
conjunction with the following drawings wherein: 

FIG. 1 is a front perspective view of a satellite telephone 
having a retractable antenna with a swivehng feature; 

FIG. 2 is a back and side perspective view of the satellite 
telephone of FIG. 1; 

FIG. 3 is a front perspective view of the satellite telephone 
of FIG. 1 with the antenna fiilly extended; 

FIG. 4 is a perspective view of a satellite telephone in 
FIG. 1 with the antenna fully extended and swiveled to the 
left (as oriented in FIG. 4); 

FIG. 5 is a perspective view of the satellite telephone of 
FIG. 1 with the antenna fiiUy extended and swiveled to the 
right (as oriented in FIG. 4); 

FIG. 6 is a side assembly view of the sateUite telephone 
in FIG. 1 showing a swivel collar as it is assembled into the 
satellite telephone; 

FIG. 7 is an assembly top view of the satellite telephone 
of FIG. 1 showing the swivel collar as it is assembled into 
the satellite telephone; 
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FIG. 8 is a side assembly view of the swivel collar of 
FIGS. 6 and 7 showing insertion of a sleeve into the swivel 
collar and placement of a contact strip (and matching circuit) 
in the sleeve; 

5 FIG. 9 is a front view of a feed flex circuit including the 
contact strips of FIG. 8 in a flattened state, showing a 
matching circuit, and showing a connection lead for con- 
necting to electronics within the sateUite telephone of FIG. 
1; 

10 FIG. 10 is a top perspective view of the swivel collar 
showing interior placement of the contact strip in the sleeve, 
and a swivel pin through which the connection lead on the 
contact strip passes to connect to the electronics within the 
satellite telephone; 
15 FIG. 11 is a perspective view of the antenna having been 
removed from the swivel collar so as to show quadrifilar 
antenna elements having exposed ends that make contact 
with the contact strip within the swivel collar; 

FIG. 12 is a cross-sectional view of the satellite telephone 
of FIG. 15, with an antenna coupler/connector inserted 
therein so as to move a satellite telephone anterma into a 
depressed position, such as would be the case when the 
satellite telephone is inserted into the docking adaptor; 

FIG. 13 is a cross-sectional view of the satellite telephone 
of FIG. 1, with an antenna coupler/coimector removed and 
the satellite telephone antenna pushed upwardly by a spring 
into a retracted position; 

FIG. 14 is a cross-sectional view of the satellite telephone 
of FIG. 1 wherein the satellite telephone antenna is in an 
extended portion; 

FIG. IS is a perspective view, partially in section, of the 
satellite telephone of FIG. 1 as it is inserted into a docking 
adaptor; 

35 FIG. 16 is a perspective view, partially in section, of the 
satellite telephone of FIG. 1 frilly inserted into a swivel 
pocket of the docking adaptor; and 

FIG. 17 is a perspective view of the satellite telephone of 
FIG. 1 fully inserted into the docking adaptor. 

40 Corre^ondiog reference characters indicate correspond- 
ing components throughout the several views of the draw- 
ings, 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

45 

The following description of the presently contemplated 
best mode of practicing the invention is not to be taken in a 
limiting sense, but is made merely for the purpose of 
describing the general principles of the invention. The scope 
5Q of the invention should be determined with reference to the 
claims. 

Referring to FIG. 1, a front perspective view is shown of 
a satellite telephone 100 having a low insertion loss retract- 
able antenna 106 with a swiveling feature. Shown is a 

55 satelUte telephone housing body 102, a swivel coUar 104 and 
the antenna 106 in a retracted position. 

Referring to FIG. 2, a back and side perspective view is 
shown of the satellite telephone 100. Shown is the satellite 
telephone housing body 102, the swivel collar 104, and the 

60 antenna 106 in the retracted position. As can be seen, an 
angular notch 200 adjacent to the swivel collar 104 in the 
satellite telephone housing body 102 provides clearance for 
the swivel collar 104 to swivel toward (he sateUite telephone 
housing body 102, as well as away from the satellite 

65 telephone housing body 102. 

Referring to FIG. 3, a front perspective view is shown of 
the satelhte telephone 100. Shown are the satellite telephone 
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housing body 102, the swivel collar 104, the antenna 106 in the hole 604 in the bottom of the swivel collar and further 

an extended position, such as would be the case while the to show the key 704 at the base 706 of the antenna. The key 

satellite telephone is in use, and the angular notch 200. As 704, together with the key guide 700 in the cylindrical 

shown, the swivel collar 104 and antenna 106 are in a channel 702 of the satellite telephone housing body 102, 
vertical orientation, which would generally only be used for, 5 prevent rotation of the antenna 106 about its major axis so 

and, in accordance with the present embodinicnt, must be as to assure alignment of contacts (not shown) on the 

used for, extending or retracting the antenna 106. antenna with contacts (not shown) within the swivel collar 

Referring to FIG. 4, a perfective view is shown of the 1^* 

satellite telephone 100 with the antenna 106 fully extended The channel 702 in the satellite telephone housing termi- 

and swiveled to the left. Shown are the satellite telephone nates at the hole 606, described above in reference to FIG. 

housing body 102, the swivel collar 104 and the antenna 6. 

106. The swivel collar 104 is rotated to the left, i.e.. Referring to FIG. 8, as assembly view is shown of the 

counter-clockwise as oriented in FIG. 4, so as to position the swivel collar 104 of FIGS. 6 and 7 showing insertion of a 

antenna 106 such that it will be in an approximately vertical sleeve 800 into the swivel collar 104 and placement of a 
orientation when the satellite telephone 100 is held proxi- 15 contact strip 802 into the sleeve 800, Shown are the swivel 

mate to a user's right ear and mouth in the user's right hand. collar 104 and the swivel pin 600 with the sleeve 800 shown 

Referring to FIG. 5, a perspective view is shown of the in an assembly view relative to the swivel collar 104 so as 

satellite telephone 100 with the antenna 106 fully extended to illustrate both insertion of the sleeve into the hole 604 of 

and swiveled to the right. Shown are the satellite telephone the base of the swivel collar 104 and insertion of the contact 

housing body 102, the swivel collar 104, and the antenna strips 802 into four pairs of locating slots 804 in the sleeve 

106 in an extended position and rotated to the right or 800. The contact strips 802 connect four quadrifilar antenna 

clockwise as oriented in FIG. 5, so as to position the antenna elements (not shown) on the antenna 106 (FIG. 1) to the 

106 such that it will be in an approximately vertical orien- contact strips 802 on a feedflex circuit. The contact strips 

tation with the satellite telephone 100 is held proximate to a 802 are four in number, and have a middle span exposed 

user's left ear and mouth in the user's left hand. inside the sleeve 800. This middle span, having been secured 

Referring to FIG. 6, a side assembly view is shown of the i° locating slots 804, forms a leaf spring contact pro- 
satellite telephone 100 with the swivel collar 104 shown as viding an inward spring force that assumes good contact 
it is assembled into the satellite telephone. Shown are the with the quadrifilar elements (not shown) of the antenna 106 
satellite telephone housing body 102, the swivel coUar 104 ^ (FIG- !)• Thus, the middle spans of the re^ective contact 
and the antenna 106 in an extended position. The swivel strips 802 are exposed inside the sleeve 800 and will, in 
collar 104 depicted as it is assembled to the satellite tele- practice, contact the quadrifilar elements on the antenna 106 
phone housing body 102 in an assembly view. A swivel pin when the antenna is in an extended position. Also shown in 
600 on the swivel collar 104 is shown as is a swivel hole 602 FIG- 8 are a series of detents 806 on the swivel coUar 104 
in the satellite telephone housing body 102. correspond with a pin 603, FIG. 6, on the sateUite 

In practice, the swivel pin 600 on the swivel coUar 104 is telephone hot^ng body 1<K2 so as to selectively hold the 

inserted into the swivel hole 612 in the satellite telephone ^^^^^ collar 104 m particular rotational orientations whde 

housing body 102 and a metal retainer (not shown) is the antenna 106 is in the extended position. T^^ 

secured onto the swivel pin 600 within the satellite tele- ^^^g^.^^^ ^^^^^.'^."^ f ^ u 

phone housing body 102 so as to secure the swivel coUar 104 40 '° or verUcal position (such as m FIG. 3) which is 

to the satellite telephone housing body 102 while at the same ^^^^"^^ "^^lon of the antenna mto swivel collar 

time allowing the swivel collar 104 to rotate about an axis }^ ^^^^^ m the sateUite telephone 

coaxial with the swivel pin 600. An opening 604 in a bottom nousing ^oay lU^. 

of the swivel collar permits the antenna 106 to be pushed Referring to FIG. 9, a front view is shown of the feedflex 
through the swivel collar 104 down into another hole 606 in 45 circuit 900 including the contact strips 802 in a flattened 

the satellite telephone housing body 102 when it is in a state and is also of a connection lead 902 for correcting to 

depressed position. Note that alignment of this hole 606 in electronics within the satellite telephone housing body 102. 

the swivel collar 104 with the hole 606 in the satellite Shown is the flex circuit 900, prior to being rolled into a 

telephone housing body 102 is achieved when the antenna cylinder and inserted into the sleeve 800 (FIG. 8). 
106 and swivel collar 104 are in an upright or vertical 5Q On the feedflex circuit 900 are the four contact strips 802 

position, such as depicted in FIG. 3. This alignment is that are inserted into the alignment slots 804 in the sleeve 

required before the antenna can be depressed into the 800. Also shown are matching circuits 904 feeding the four 

satellite telephone housing body 102 in accordance with the contact strips 802. And, also shown is the connection lead 

present embodiment. 902 through Miiich the feedflex circuit 900 is connected to 
Referring to FIG. 7, a top assembly view is shown 55 the electronic circuitry within the satellite telephone housing 

depicting insertion of the swivel pin 600 into the swivel hole body 102 (FIG. 1). As an alternative to the connection lead 

602 in the sateUite telephone housing body 102. Shown are 5*«2, a coaxial cable connection can be used to correct the 

the satellite telephone housing body 102, the swivel collar feedflex circuit 900 to the electronics within the housing 

104, and the swivel pin 600, a key guide 700 along a body 102 (FIG. 1). 

cylindrical channel 702 in the satellite telephone housing 60 Referring to FIG. 10, a top perspective view is shown of 

body 702 and a key 704 on a base 706 of the antenna 106. interim placement of the contact strips 802 within the sleeve 

The swivel collar 104 is shown in an assembly view relative 800, and the swivel pin 600 with the connection lead 902 on 

to the satellite telephone housing body 102 with dashed lines the feedflex circuit 900 passing therethrough. Shown are the 

indicating the positioning of the swivel pin 600 in the hole swivel collar 104, the sleeve 800, the middle spans of 
602 in the satellite telephone housing body 102. The antenna 65 contact strips 802 on the feedflex circuit 900, and the swivel 

106 is shown in a partiaHy depressed state for illustration pin 600. Also shown are the connection lead 902, the 

purposes, so as to depict the antenna 106 protruding through locating slots 804, the detents 806 for locking the swivel 



04/13/2001, EAST Version: 1.02,0008 



6,043,781 

7 8 

collar 104 into differeDt rotational positions in order to assist satellite telq)hone 100. However, in the retracted position, 

users in setting the antenna 106 to specific usage angles. As the satellite telephone antenna 106 remains out of the way of 

shown, the swivel pin 600 is hollow, allowing the oonnec- the user, and is protected from potential damage during 

tion lead 902 from the feedflex circuit 900 to pass through handling of the satellite telephone 100. 

a center of the swivel pin to ^ectroni<^ within the satellite 5 Referring next to FIG. 14, a cross-sectional view is shown 

telephone ^ousmg body 102 (FIG 1). Four leaf spnn^are ^^^^.^^ ^^^^ ^^^^^^^^ 

created by the middle spans of the four contact stnps 802 of . ^^-r • • . j j ot. .1. 

the feedflex circuit 900 as they pass through the locating ^ V f'""*^ P"'!"""- ^^""^ 

slots 804 in the sleeve 800 so as to facilitate intact between ^"^"^^ "^.^T'^lf""'^ ^'T ^' 

the contact strips 802 and the quadrifilar elements on the ,„ f'"' ?^^PI|"8 ^ ""^ exp(Ked short 

antenna 106 lengths 1102 on the satelhte telephone antenna 106. In the 

„ - . * ™^ . . u r extended position, which is achieved by the user pulline the 

Referrmg next to FIG. 11, a perspective view IS shown of j r^L * n*/* i l * tn^ r * * j 

. • u ' *u • I 11 end of the satellite telephone antenna 106 from the retracted 

the antenna 106 havins been removed from the swivel collar -x- • ^ ^ i j --t- l • jr.. 

104 so as to show the quadrifilar elements UOO that contact ^^J" " ° ^ ^ "^^^1^ f^*^""?^ r^* f f 

the contact strips 802 Shown is the antenna with the four !«'?P^°°« '^»«°°f l^'"'*' 'f '^P*^?"" 

, 1 * 11 Art • u V 1 ** J *u antenna IS m the retracted position and extending the satel- 

quadnnlar elements IICO in a behcal pattern around the i** * i . . ^^^^i. j l ^^-i^ 

* lAiC cu « 1 .u iini J -CI I * hte telephone antenna 106, the exposed short lengths 1102 

antenna 106. Short lengths 1102 of the quadrifilar elements . . ^ -^^ ^f,i^ o«*^ii;t- t-i^«i,««- tn< ♦o^* 

iinA *u u * irtic J at the base 706 or the satelhte telephone antenna 106 contact 

1100 near the base 706 of the antenna 106 are exposed so as . . - , , j -^t. *u * • . • 

„ * * u *, tu -jji f fu ♦ * or become capaciUvely coupled with the connection stnps 

to allow contact between the middle spans of the contact ^nrt .u u i* ; «•* * i u * * 

orK» J L _*i ffftT r.i. J c 802, thereby coupling the satelhte telephone antenna 106 to 

stnps 802 and the exposed short lengths 1102 of the Guadnn- on *l * n-/ * i l ^/ia t -^^ . 

I I « ifiTvn aT i_ • r^Ti tt ■ *u i j ^" Ihe satelute telephone 100. In this position, the satellite 

larelementsUOO. Also shown m FIG. 11 IS the key 704 used , i . . • j r i_ t. 

^ ^. ^ i_ . •* • • telephone antenna lUo is ready tor use, such as when the 

to prevent rotation of the antenna 106 about its major axis * ^ i * ^nrk- j • l j l u j 

^ -n^ • * * . J . J jr *t. satelhte telephone 100 IS used m a mobile, hand-held mode, 

when the antenna 106 is retracted mto and extended from the ^ 

channel 606 in the sateUite telephone housing body 102. The particular, and as illustrated in FIGS. 12 through 14, it 

key 704 also serves to prevent the antenna 106 from sliding ^^^^^ ^ ^^^^ exposed short lengths 1102 are 

completely out of the satellite telephone housing and swivel * significant distance away from the connection 

collar 104 when the antenna is extended from the satellite strips 802 when the satellite telephone antenna 106 is in the 

telephone housing body 102. depressed position (FIG. 12) and the antenna coupler/ 

Referring next to FIG. 12, a cross-sectional view is shown 5?°°^^^^ ^^lO is inserted into the satelUte telephone 100. 

of the satellite telephone 100, with an antenna coupler/ 30 This distance can be important in order to prevent capac^^^^^ 

connector 1210 inserted therein so as to move the satellite ^<^^ciiyo couphng betweenthe connection strips 802 and 

telephone antenna 106 into a depressed position, such as the exposed short lengtl^ 110! dunng operation m docked 

would be the case when the satelhte telephone 100 is mo(te, which would result in high mse^on losses W^^^ 

inserted into a docking adaptor 1202 (RG. 15). Shown are f ^^^^^^^ telephone antenna 106 is in the extended position, 

the antemia coupler/connector 1210, the antenna 106, the 35 '.*^f ^^^"^ brought mto 

swivel collar 104 (which may alternatively be a fixed contact with or into extremely close proximity with the 

antemia collar such as is described in U.S. Pat. No. 5,901, connection stnps 802 so as to couple the ^tellite telephone 

367, incorporated herein by reference.) the contact pads *° telephone 100 with very htUe 

1208, and a spring 1300. 

As can be seen, the antenna coupler/connector 1210 40 Referring first to FIG. 15, a perspective view is shown, 

displaces the antenna 106 downwardly, thereby depressing partially in section, of a satellite telephone 100 as it is 

the spring 1300, so as to move the satellite telephone inserted into a docking adaptor 1302. Shown are a swivel 

antenna 106 away from the swivel coUar 104. In moving the Pock^* ^^^^ the swivel collar 104, contact pads 1208, an 

satellite telephone antenna 106 away from the swivel collar antenna coupler/connector 1210 and the satellite telephone 

104, the satellite telephone antenna 106 is also moved away 45 ^°tcnna 106. 

from the contact strips 802, which, upon insertion of the The antenna coupler/connector 1210 engages as the 

antenna coupler/connector 1210, are connected to the con- satellite-telephone 100 is docked into the docking adaptor 

tact pads 1208 on the antenna coupler/connector 1210 by 1502. The swivel pocket 1504 guides the satelhte telephone 

means of a direct contact or capacitive coupling, thereby 100 into the doddng adaptor 1202 and lines up the swivel 

providing a connection between the satellite telephone 100 50 collar 104 with the antenna coupler/connector 1210 for blind 

and an external vehicular antenna (not shown). In this insertion. The contact pads 1208 contact or become capaci- 

position the satellite telephone antenna 106 is disabled, and lively coupled with the connection strips 802 on the inside 

the extemal vehicular antenna (not shown) is ready for use wall of the swivel collar 104 as the antenna 106 is inserted 

such as when the satellite telephone 100 is used in a into the swivel collar 104 The antenna coupler/connector 

vehicular, docked mode. The extemal vehicular antenna Sis 55 1210 pushes the satellite telephone antenna 106 into the 

coupled to the antenna coupler/connector 1210 via a coaxial satellite telephone 100 as the satellite telephone 100 is 

cable 1502. inserted into the swivel pocket 1504. 

Referring next to FIG. 13, a cross-sectional view is shown Referring next to FIG. 16, a perspective view is shown, 
of the satellite telephone 100, with the antenna coupler/ partially in section, of the satellite telephone 100 fully 
connector (not shown) removed and the satellite telephone 60 inserted into the swivel pocket 1504. Shown are the satellite 
antenna 106 pushed upwardly by the spring 1300 into a telephone antenna 106, the swivel pocket 1504, the contact 
retracted position. Shown are the satellite telephone antenna pads 1208, the antenna coupler/connector 1210 and the 
106, the swivel collar 104, the contact strips 802 and the satellite telephone 100. Also shown is the spring 1300 within 
spring 1300. In the position shown, i.e., the retracted the satelhte telephone 100 that normally holds the satellite 
position, an end of the satellite telephone antenna 106 is 65 telephone antenna 106 in a position at least partially pro- 
reachable by a user of the satelhte telephone 100, such that tniding from the satellite telephone 100. The satellite tele- 
the satellite telephone antenna 106 can be extended from the phone antenna 106 is pushed into the satellite telephone 100 
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by the antenna coupler/connector 1210, thus depressing the 
spring 1300, so as to allow the antenna coupler/connector 
1210 to connect the connection strips 802 in the swivel 
collar 104 to the contact pads 1203. Thus, the pads 120S 
inside the swivel collar 104 connect to the satellite telephone 
antenna 106 when the satellite telephone antenna 106 is 
deployed, i.e., extended, but connect to the contact pads 
120S of the antenna coupler/connector 1210 when the 
antenna coupler/connector 1210 is inserted into the swivel 
collar 104. 

Referring next to FIG. 17, a perspective view is shown of 
the satelhte telephone 100 fiilly inserted into the docking 
adaptor 1502. The satellite telephone 100 and the swivel 
pocket 1504 are pivoted down so as to lock the satellite 
telephone 100 into place within the docking adaptor 1502. A 
latch (see 1602 in FIG. 16) locks the satellite telephone 100 
in a down position, and contact points (not shown) on the 
bottom of the satellite telephone 100 mate up with battery 
charging and data connector connections (not shown) on a 
back wall 1600 of the docking adaptor 1502 when the 
satellite telephone 100 is pushed down. A release button 
1702 is provided to release the satellite telephone 100, which 
is, upon release, lifted out of the docking adaptor 1502 by 
the swivel pocket 1504. 

While the invention herein disclosed has been described 
by means of specific embodiments and applications thereof, 
numerous modifications and variations could be made 
thereto by those skilled in the art without departing from the 
scope of the invention set forth in the claims. 

What is claimed is: 

1. A system for connection of an antenna to a mobile radio 
comprising: 

the antenna including at least one antenna contact at a 
basal end thereof; 

a swivel collar slidably coupleable with the antenna and 
including at least one swivel collar contact alignable 
with the at least one antenna contact and electrically 
coupled to the mobile radio when the antenna is in an 
extended position, the swivel collar being rotatable in 
at least one direction when the anteima is in the 
extended position; 

an alignment structure coupled to the antenna for main- 
taining rotational alignment of the antenna about its 
major axis to ensure electrical coupleability of the 
antenna to the mobile radio; and 

an antenna coupler/connector insertable into said swivel 
collar,- the antenna coupler/connector including an end 
for displacing the at least one antenna contact away 
from the at least one swivel collar contact, the antenna 
coupler/connector including at least one contact pad 
alignable with the at least one swivel collar contact 
when the at least one antenna contact is displaced away 
from the at least one swivel collar contact. 

2. The system of claim 1 further comprising: 

a cavity enveloping said antenna when said at least one 
antenna contact is displaced away from said at least one 
swivel collar contact. 

3. The system of claim 1 further comprising: 

a spring interposed between said basal end of said antenna 
and a basal end of said cavity for moving said antenna 
from a depressed position into a retracted position 
when said at least one antenna contact is not displaced 
away from said at least one swivel collar contact by the 
antenna coupler/connector. 

4. The system of claim 1 further comprising: 

a satellite transceiver coupled to said at least one swivel 
collar contact of said swivel collar. 
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5. The system of claim 4 further comprising: 

a docking adaptor, the docking adaptor including an 
antenna coupler/connector 

6. A system of connection of an antenna to a mobile radio 
comprising: 

the antenna including at least one antenna contact at a 
basal end thereof and an alignment structure for main- 
taining rotational alignment of the antenna about its 
major axis to ensure electrical coupleability of the 
antenna to the mobile radio; 

a swivel collar slideably coupleable with the antenna and 
including at least one swivel collar contact alignable 
with the at least one antenna contact when the antenna 
is in an extended position, the swivel collar being 
rotatable about an axis substantially normal to a direc- 
tion in which the antenna is slidable; 

a cavity enveloping the antenna when the at least one 
antenna contact is displaced away from the at least one 
swivel collar contact; and 

a spring interposed between the basal end of the antenna 
and a basal end of the cavity for moving the antenna 
into a retracted position when the at least one antenna 
contact is not displaced away firom the at least one 
swivel collar contact. 

7. The system of daim 6 further comprising: 

a satelhte transceiver coupled to said at least one swivel 

collar contact of said swivel collar. 
S. A system for connection of an antenna to a mobile radio 
comprising: 
a housing; 

a swivel collar coupled to the housing and swivelable 

relative to the housing for swiveUng the antenna when 

in an extended position; 
an opening in the swivel collar alignable with a cavity in 

the housing for retraction of the antenna through the 

opening into the bousing; 
a first locking structure on said swivel collar, and 
a second locking strucmre on said housing, wherein said 

first and second locking structures cooperate to fix an 

angle of rotation of the swivel collar relative to the 

bousing. 

9. The system of claim 8 further comprising: 

an antenna matching circuit in said swivel collar. 

10. A system for connection of an antenna to a mobile 
radio comprising: 

a housing; 

the antenna including at least one antenna contact at a 
basal end thereof; 

a swivel collar slidably coupleable with the antenna and 
including at least one swivel collar contact ah'gnable 
with the at least one antenna contact when the antenna 
is in an extended position, the swivel collar being 
rotatable in at least one direction when the antenna is in 
the extended position; 

a first locking structure on said swivel collar, and 

a second locking structure on said horsing, wherein said 
first locking structure and said second locking structure 
cooperate to fix an angle of rotation of the swivel collar 
relative to the housing. 

11. The system of claim 10 further comprising: 

a cavity enveloping said antenna when said at least one 
antenna contact is displaced away from said at least one 
swivel collar contact. 
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12. The system of claim 10 further comprisiag: 

an antenna coupler/connector insertable into said swivel 
collar, the antenna coupler/connector including an end 
for displacing the at least one antenna contact away 
firom the at least one swivel collar contact, the antenna 
coupler/connector including at least one contact pad 
alignable with the at least one swivel collar contact 
when the at least one antenna contact is displaced away 
firom the at least one swivel collar contact. 

13. The system of claim 10 further comprising: 

a docking adaptor, the docking adaptor including an 
antenna coupler/connector. 

14. A method of operation of ao antenna in a mobile radio 
comprising: 

moving the antenna by rotating the antenna with a swivel 
collar and then sliding the antenna within the swivel 
collar, the sliding including moving the antenna from 
ao extended position to a retracted position including 
moving an antenna contact at a basal end of the antenna 
away from a swivel collar contact in the swivel collar; 
and 

fixing an angle of rotation of the swivel collar relative to 
a housing by fixedly coupling a first locking structure 
on said swivel collar to a second locking structure on 
said housing. 

15. Hie method of operation of claim 14 wherein said 
moving of said antenna by sliding said antenna within said 
swivel collar includes moving said antenna into a cavity. 

16. The method of operation of claim 14 further compris- 
ing the steps of: 

moving said antenna firom a depressed position to said 
retracted position using a spring, including decoupling 
said swivel contact in said swivel collar from a contact 
pad on an antenna coupler/connector; 



moving said antenna from said retracted position to said 
extended position, including connecting said swivel 
collar contact in said swivel collar to said antenna 
contact at said basal end of the antenna; and 

rotating said antenna with said swivel collar. 

17. The method of operation of claim 16 further compris- 
ing: 

removing said antenna coupler/connector from said 
10 swivel collar. 

18. The method of operation of claim 16 further compris- 
ing: 

capacitively coupling said antenna contact to said swivel 
15 collar contact with said antenna in said retracted 
position, wherein the antenna is allowed to operate with 
at least limited performance in the retracted position. 

19. A system for connection of an antenna to a mobile 
radio comprising: 

a housing; 

a swivel collar coupled to the housing and sv^velable 

relative to the housing for swiveling the antenna when 

in an extended position; 
25 an opening in the swivel collar alignable with a cavity in 

the housing for retraction of the antenna through the 

opening into the bousing; 
a first locking structure on said swivel collar; and 
30 a second locking structure on said housing, wherein said 

first locking stmcture and said second locking structure 

cooperate to fix an angle of rotation of the swivel collar 

relative to the housing. 
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[57] ABSTRACT 

A quadrifilar helical antenna is provided having feed points 
connected to the individual helical antenna elements through 
a spiral coupling path. The spiral coupling path additionally 
is wound contrarily to the winding of the helix. Moreover, 
each path has variable dimensions to provide impedance 
matching. 
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QUADRIFIILAR HEUX ANTENNA 

STATEMENT OF GOVERNMENT INTEREST 

Hie invention described herein may be manufactured and 
used by or for ihe Government of the United States of 
America for governmental purposes without the payment of 
any royalties theieon or therefor. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention generally relates to antennas and more 
specifically to quadrifilar antennas. 

(2) Description of the Prior Art 

Numerous communication networks utilize omnidirec- 
tional antenna systems to establish communications between 
various stations in the network. In some networics one or 
more stations may be mobile while others may be fixed land 
based or satellite stations. Omnidirectional antenna systems 
are preferred in such applications because alternative highly 
directional antenna systems become diiOScult to apply, par- 
ticularly at a mobile station that may communicate with both 
fixed land based and satellite stations. In satellite commu- 
nication applications it is desirable to provide a imidirec- 
tional antenna system that is compact yet characterized by a 
wideband width and a good front-to-back ratio, Le,, the ratio 
of overhead power to backside power, such that its pattern 
ideally only occupies the upper hemisphere. 

Some prior art omnidirectional antenna systems use an 
end fed quadrifilar helix antenna for satellite communication 
and a co-mounted dipole antenna for land based communi- 
cations. However, each antenna has a limited bandwidth and 
collectively their performance can be dependent upon 
antenna position relative to a ground plane. The dipole 
antenna tends to have no front-to-back ratio which can cause 
total pattern cancellation when the antenna is mounted on a 
ship, particularly over low elevation angles. These 
co-mounted antennas also have spatial requirements that can 
limit their use in confined areas aboard ships or similar 
mobile stations. 

The following patents disclose helical antennas that 
exhibit some, but not all, the previously described desirable 
characteristics: 

U.S. Pat. No. 3,599,220 (1971) Demsey 

U.S. Pat. No. 3,623,113 (1971) Faigen et al. 

U.S. Pat. No. 4,243,993 (1981) Lambcrly ct al. 

U.S. Pat. No. 4,644,366 (1987) Scholz 

U.S. Pat. No. 5,053,786 (1991) Silverman et al. 

U,S. Pat. No. 5,134,422 (1992) Auriol 

U.S. Pat. No. 5,170,176 (1992) Yasunaga ct al. 

U.S. Pat. No. 5,343,173 (1994) Balodis et al. 

U.S. Pat. No. 5,594,461 (1997) O'Neil, Jr. 

U.S. Pat. No. 5.635,945 (199'^ McConnell 

U.S. Pat. No. 3,599,220 to Dempsey discloses a conical, 
spiral loop antenna comprising a plurality of pairs of spirally 
wound radiating arms. The radiating arms are wound in the 
shape of a cone and terminate at one end in a truncated 
portion. Impedance matching is provided between each of 
the pairs of radiating arms at the truncated end, A ground 
plane is provided for each frequency of operation; multiple 
ground planes are required for multiple frequencies. The 
primary purpose of this patent is to provide a compact 
antenna that is tunable. However, it appears that the antenna 
is generally tuned for a specific frequency. 
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U.S. Pat. No. 3,623,113 to Faigen et al. discloses a 
balanced, tunable, helical mono-pole antenna that operates 
independently of a ground plane. This antenna utilizes a 
centrally fed, multiple-tura, helical antenna with a single 

5 element. End winding shorting means in the form of "top 
hat"- or "can"-type housings tune the antenna by changing 
the active electrical length of the antenna. A feed loop is 
centrally disposed to the helical mono-pole antenna winding 
to provide a balanced input to the antenna. Although this 

10 antenna is compact and can be tuned through a wide 
bandwidth, it does not provide an omnidirectional radiation 
pattern. 

U.S. Pat. No. 4,243,993 to Lamberty et al discloses a 
broad band antenna comprising center fed, spiral antenna 

15 arms arranged on planar and conical surfaces. Each antenna 
arm includes one or more choke elements that resonate at a 
predetermined operating frequency to eliminate or minimize 
undesired radiation and reception characteristics and pro- 
vide sum and difference mode operations with both right- 

20 hand and left-hand circularly polarized radiation character- 
istics. Feeding an antenna as disclosed in the Lamberty et al 
patent with a phased sequence of signals produces a radia- 
tion pattern that exhibits a null along an antenna bore sight 
axis and a maximum field along a cone of revolution about 

25 the bore sight axis. Although this antenna has a broad 
bandwidth and provides circular polarization, it does not 
provide an omnidirectional radiation pattern. 

U.S. Pat No. 4,644,366 to Scholz discloses a miniature 
radio transceiver anteima formed as an inductor wrapped 

30 about a printed circuit card. A peripheral conductor on one 
side of the card provides distributed capacitance to the end 
of the antenna that cancels inductive effects and broadens 
bandwidth. A peripheral conductor on the opposite side of 
the card provides a capacitance to ground to time the antenna 

35 to frequency. An unbalanced transmission line connects 
between one end of the antenna and a tap or feed point to 
provide impedance matching and tuning. This antenna has a 
limited bandwidth for a given connection point. Moreover it 
does not produce an omnidirectional radiation pattern. 

40 U.S. Pat. No. 5,053,786 to Silverman et al. discloses a 
broad band directional antenna in which two contiguous 
conductive planar spirals are fed at their center. The antenna 
is positioned near a cavity to absorb rear lobes in order to 
improve the front-to-back ratio. Even with this improvement 

45 in the front-to-back ratio, the antenna provides a relatively 
narrow beam pattern having both horizontal and vertical 
polarization. Apparently, this antenna is designed to operate 
with a linearly polarized, high gain, narrow beam. Thus the 
antenna does not provide an omnidirectional radiation pat- 

50 tem or circular polarization. Moreover, by absorbing the rear 
lobes, the power transmitted into the reserve lobes is lost 
making the antenna less efGcient in radiating during a 
transmitting mode. 

U.S. Pat. No. 5,134,422 to Auriol discloses an antenna 

55 with helically wound, equally spaced, radiating elements 
disposed on a cylindrical surface. Antennas identified as 
prior art antennas in this reference include helically wound, 
end driven antenna elements. The other ends of the elements 
terminate as open circuits. These antennas provide circular 

60 polarization, an omnidirectional radiation pattern and a good 
front-to-back ratio. The Auriol patent is particularly directed 
to a structure that uses a conductive, meandering strip to 
connect the driven ends and establish various phase rela- 
tionships and tuning. This antenna is designed to produce 

55 high quality circular polarization, an omnidirectional radia- 
tion pattern and a good front-to-back ratio, but only over a 
narrow frequency band. 



04/13/2001, EAST Version: 1.02.0008 



6,i: 

3 

In U.S. Pat. No. 5,170,176 (1992) to Yasunaga et al. a 
quadrifiJar helix antenna includes four helix conductors 
wound around an axis in the same winding direction. Each 
helix conductor has a linear conductor which is parallel to its 
axis at either end or both ends of the helix conductor. The 
purpose of this structure is to reduce the effect of multipath 
fading due to sea-surface reflection in niobile satellite con3- 
munications. Although this patent discloses an antenna that 
provides good front-to-back ratio, the transnoission pattern 
from the antenna is also characterized by essentially forming 
two major lobes about 60^ from the forward direction so it 
is not truly omni-directional over a hemisphere. 

U.S. Pat. No. 5,343,173 (1994) to Balodis et al. discloses 
a phase shifting network and antenna including a series of 
helical antenna elements with a phase shifting network 
defining transmission paths between a radio connection 
terminal and the antenna elements. Each transmission path 
phase shifts the signal relative to an adjacent path pairs that 
are progressively joined at combiner nodes of equal power 
division by shunt connection line segments. 

U.S. Pat. No. 5,594,461 (1997) to O'NeiU, Jr. discloses a 
low loss quadrature matching network for a quadrifilar helix 
antenna. As in the above-identified Balodis et al. patent, the 
O'Neill, Jr. patent utilizes microstrip techniques to provide 
impedance matching in an antenna system. 

U.S. Pat. No. 5,635,945 (1997) to McConneU et al. 
discloses a quadrifilar helix antenna with four conductive 
elements arranged to define two separate helically twisted 
loops, one differing slightly in electrical length from the 
other. The two separate helically twisted loops are connected 
to each other in a way as to provide impedance matching, 
electrical phasing, coupling and power distribution for the 
antenna. The antenna is fed at a tap point on one of the 
conductive elements determined by an impedance matching 
network which connects the antenna to a transmission line, 
like to foregoing Balodis et al. and O'Neill, Jr. patents, this 
patent also utilizes microstrip techniques to feed and match 
through a partly balanced transmission line. As a result the 
resultant band width is narrow. 

The following patent discloses a broadband antenna sys- 
tem: 

U.S. Pat. No. 5,257,032 (1993) Diamond et al. 

This broadband antenna system includes a frequency- 
independent antenna coupled to the firequency-dependent 
antenna, specifically, a spiral antenna and a dipole antenna. 
In one embodiment the antenna system comprises a dipole 
or monopole coupled to the inner or outer termination points 
of a spiral antenna. The spiral antenna acts as a broadband 
transmission line matching section and adds electrical length 
to the monopole antenna. Thus, the spiral antenna is stated 
to minimize the negative effects typically associated with the 
removal of one of the elements of a stand alone dipole 
antenna to create a monopole antenna. It is believed that 
when the dipole antenna is added to the termination points 
of the spiral antenna, the resulting antenna system extends 
the low frequency capability of the spiral antenna for linear 
polarization. It is also felt that the spiral antenna adds 
electrical length to the dipole antenna and acts as a broad- 
band transmission line matching section so that the spiral 
antenna enhances receiving capability by producing a maxi- 
mum signal at the transmission lines. This patent discloses 
the combination of two types of antennas. However, the 
combination includes a spiral antenna and either a monopole 
or dipole antenna. It also appears that the antenna system is 
directional and not omni-directional over both a broad 
frequency band and over a hemispherical volume. 

Thus there exists a family of quadrifilar helixes that are 
broadband impedance wise above a certain "cut-in" 
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frequency, and thus are useful for wideband satellite com- 
munication (DAMA function of 240 to 320 MHz, other 
functions at 320 to 410 MHz). Typically these antennas 
have: 

5 1. a pitch angle of the elements on the helix cylindrical 
surface from 50® down to roughly 20*; 

2. elements that arc at least roughly % wavelengths long; 
and 

3. a "cut-in" fi-equency roughly corresponding to when a 
tum of an element on the helix cylinder is wave- 
length long. (Hiis dependence changes some with pitch 
angle. Above the "cut-in" frequency, the helix has an 
approximately flat VSWR, around 2:1 or less about the 

value of the antenna, and thus the antenna is 
broadband impedancewise above "cut-in".) 

The previous three dimensions translate into a helix 
diameter of 0.1 to 0.2 wavelengths at "cut-in**. 

For pitch angles of approximately 30** to 50**, good 
cardoid shaped patterns exist for satellite communications. 
Good circular polarization exists down to the horizon since 
the antenna is greater than 1.5 wavelengths long (2 elements 
constitute one array of the dual array, quadrifilar antenna) 
and is at least one turn. At the "cut-in" fi^equency, the lower 
pitch 17 angled helixes have sharper patterns. As frequency 
increases, patterns start to flatten overhead and spread out 
near the horizon. For a given satellite band to be covered, a 
tradeoff can be diosen on how sharp the pattern is allowed 
to be at the bottom of the band and how much it can be 
Spread out by the time the top of the band is reached. This 
tradeoff is made by choosing where the band should start 
relative to the "cut-in" frequency and by choosing the pitch 
angle. 

For optimum front-to-back ratio performance, the bottom 
^5 of the band should start at the "cut-in" frequency. This is 
because for a given element thickness, backside radiation 
increases with frequency (the front-to-back ratio decreases 
with frequency). This decrease of front-to-back ratio with 
frequency limits the antenna immunity to multipath nulling 
40 effects. 

SUMMARY OF THE INVENTION 

Therefore it is an object of this invention to provide a 
broad band tmidirectional hemispherical coverage antenna. 

Another object of this invention is to provide a broad band 
unidirectional hemispherical coverage antenna with good 
front-to-back ratio. 

Yet another object of this invention is to provide a broad 
band unidirectional hemispherical coverage antenna that 
operates with circular polarization. 

Yet still another object of this invention is to provide a 
broad band unidirectional hemispherical coverage antenna 
that operates with a circular polarization and that exhibits a 
55 good front-to-back ratio. 

Yet still another object of this invention is to provide a 
broad band unidirectional hemispherical coverage antenna 
that is simple to construct. 

In accordance with this invention, a helical antenna 
60 includes a pliirality of antenna elements supported as spaced 
helices along an antenna axis. Antenna feed points are 
located proximate the anterma axis at a first end of the 
helices. A spiral connector between each antenna element 
and one of the antenna feed points is located between each 
65 antenna element and one of the antenna feed points. These 
spiral connectors lie in a transverse plane at one end of the 
helices. 
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In accordance with another object of this invention a 
quadrifilar helical antenna operates over a frequency band- 
width defined by a minimum operating frequency and 
includes a cylindrical support extending along an antenna 
axis between first and second ends thereof. The cylindrical 5 
support carries four equiangularly spaced helical antenna 
elements each having a length of at least Va wavelength of 
the antenna minimum operating frequency. A planar feed 
end support is located at the first end of the antenna and 
transverse to the cylindrical support for defining a feed point lo 
for each antenna element. Fow conductors are arranged in 
spiral paths that are oppositely wound fi-om the helical 
antenna elements. Each conductor connects between a feed 
point and a corresponding antenna element. A pair of radi- 
ally opposite conductors constitutes a transmission line, thus IS 
four conductors, or two pairs constitute two transmission 
lines. The two transmission lines are fed in phase quadrature 
at the antenna feed point. 
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The appended claims particularly point out and distincdy 
claim the subject matter of this invention. The various 
objects, advantages and novel features of this invention will 
be more fully apparent from a reading of the following 
detailed description in conjunction with the accompanying 2S 
drawings in which like reference numerals refer to like parts, 
and in which: 

FIG. 1 depicts an antenna system constructed in accor- 
dance with this invention for operating in an open mode; 

FIG. 2 depicts an antenna system constructed in accor- 
dance with this invention for operating in a shorted mode; 

FIG. 3 depicts a transverse section of a particular embodi- 
ment of spiral feed point connectors shown in FIG. 1; 

FIG. 4 depicts another embodiment of a spiral conductor 
useful in the connector of FIG. 1; 

FIGS. 5 through 8 provide comparisons of the front/back 
ratios of a prior art antenna and an antenna constructed in 
accordance with this invention in horizontal and vertical 
polarization and in open and shorted operating modes; 40 

FIG. 9 depicts the voltage standing wave ratio (VSWR) of 
an antenna constructed in accordance with this invention 
operating in the open and shorted modes; and 

FIGS. 10 and 11 depict the radiation patterns for hori- 
zontally and vertically polarized signals, respectively, to 4S 
compare the patterns from an antenna embodying this inven- 
tion, and the corresponding prior art antenna. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 depicts, in schematic form, an antenna 20 con- 
structed in accordance with this invention. A cylindrical 
support 21 extends along a loogitudinal antenna axis 22 
between a first or feed end 23 and a second or distal end 24. 
The cylindrical support 21 is composed of an insulating 55 
material that exhibits low losses at the RF frequencies 
involved, namely between 200 and 500 MHz. 

The support additionally includes a planar support 25 at a 
feed end 23 that is transverse to the cylindrical support 21 
and the antenna axis 22. The planar support 25 is also made 60 
of a low loss insulating material. The planar support 23 
includes an antenna feed point shown generally at 26, for 
receiving signals from a transmitter or transferring received 
signals to a receiver (not shown) in quadrature phase and an 
array 27 of spiral conductors. 65 

In accordance with this invention, the antenna support 21 
carries an even number of equiangularly spaced helically 
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wrapped antenna elements 30, 31, 32 and 33, respectively. 
Typically the plurality will be constituted by four such 
conductors. Each of the equiangularly spaced elements 30 
through 33 will have a length exceeding three-quarters of a 
wave length (i.e., % X min) at a minimum operating fre- 
quency. 

In FIG. 1, each of the antenna elements 30 through 33 
terminates in an open circuit at the distal end 24. FIG. 2 
depicts the antenna of FIG. 1 with the addition of shorting 
conductors at the distal end. That is, a diametrically disposed 
conductor 35 interconnects the distal ends of the antenna 
elements 31 and 33 and a corresponding diametrically 
disposed conductor 36 interconnects the distal ends of the 
antenna elements 30 and 32. As known, but not specifically 
shown in FIG. 2, the conductors 35 and 36 will be insulated 
from each other. 

Referring to FIGS. 1, 2 and 3, the array 27 at the feed end 
23 depicts four spiral conductor paths between the feed point 
26 and the conductors. In the embodiment of FIG. 3 a spiral 
connector 37 extends between an antenna feed point 38 for 
about two and one-half tums to an antenna element connec- 
tion 39 with an overall length of at least one-half wavelength 
at the minimimi operating fi-equency (i.e., 0,5 Xmin). Other 
spiral connectors are shown in partial detail The result is 
that each spiral conductor, such as conductor 37, connects 
between an antenna feed point and a connection at an 
antenna element. Each pair of radially opposite spiral 
conductors, i.e., (37;43) and (40,46), constitutes a transmis- 
sion line, designated Tl and T2, respectively. Thus, the four 
spiral conductors constitute two transmission lines that are 
crossed. For the antenna of FIG. 3, the connections are as 
follows: 
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Each of the spiral conductors lies along an Archimedean 
or equiangular spiral path. As is also particularly evident 
from conductor 37 in FIG. 3, the volume of the conductor 
increases from the antenna element connection 39 to the 
antenna feed point 38. Each of the other ^iral conductors 
40, 43 and 445 have the same characteristic. That is, the 
volume increases from the outside of the spiral where the 
connections are made to the antenna elements to the inside 
of the spiral where each of the conductors attaches as an 
antenna feed point. The increase in volume may be consti- 
tuted merely by an increase in width or by an increase in 
thickness or both. Consequently the input impedance at the 
antenna element connections (39, 45) and (42, 48) of the 
spiral transmission lines Tl and T2 will match the input 
impedance to the antenna elements (30, 32) and (31, 33) 
while the input impedance at the antenna feed points (38, 
44,) and (41, 47) will match the impedance of the two 
transmission lines (not shown) feeding the RF energy to the 
antenna. Processes for performing this matching operation 
by microstrip technology are well known in the art. 

The variation in volume is depicted as a linear fimction in 
FIG. 3. The variation could be exponential or follow other 
mathematical mles. Moreover, in FIG. 3, the conductors 
could have a variable width and constant thickness. 
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At the antenna feed point 26, the structure shown in FIG. 
3 has a practical lowest input impedance of about 100 ohms, 
which feeds nicely into the balanced 100 ohm port of a 50 
to 100 ohm, 180** power splitter (not shown). Two such 
splitters connected to a 90° power splitter will allow a 50 
ohm line to connect to the antenna in phase quadrature. An 
alternative spiral that can obtain exactly 100 ohms or much 
lower values of input impedance is shown in FIG. 4. The 
spiral is converted to three dimensions having conductors 
that have a variable depth along the helix axis 22. In such a 
structure an air foam spacer would separate the conductors. 
The conductor 50 would have a high impedance at an end 51 
and a low impedance at an end 52. This is believed to 
provide more evenly spaced current distributions across the 
element surface, thereby reducing ohmic loss in the signal 
and consequently producing lower antenna losses. 

As shown in FIGS. 1 and 2, the current path through the 
spiral connector array 27 and the current path through the 
antenna elements 30 through 33 are in reverse directions 
when viewed along the antenna axis 22. That is, viewed 
from the feed end 23, the current paths for the array arc 
clockwise about the axis while the current paths for the 
antenna elements 30 through 33 are counterclockwise. This 
reverse direction is important in that backside radiation 
increases as the elements are changed from reverse spiral 
arms to radial arms to same direction spiral arms. It is 
believed that the small amount of circular polarized radia- 
tion produced on the backside of the antenna pattern by the 
helical elements is canceled to a large extent by circular 
polarized radiation in the opposite direction produced by 
connector array 27. 

The performance and improvements over prior art anten- 
nas can be better appreciated by referring to the following 
example: An antenna according to this invention has the 
cylindrical support of a 9" diameter and 39.25" length. The 
diameter of the antenna elements 30 through 33 is 0.5 inches 
and the pitch angle for these elements is 42.50*^. Each spiral 
clement, such as element 31, is formed of a 0.003" copper 
tape laid on a 0,003" mylar substrate. The prior art example 
has the same constmction except for the spiral conductors. 
In the prior art example the interconnection from the feed 
point 26 to each antenna element is a radial feed path, such 
as shown in U.S. Pat. No. 5,635,945. For the above example, 
the RF frequencies involved are between 200 and 500 MHz. 
Changing the size of the antenna will allow other frequency 
ranges. 

FIG. 5 compares the horizontal polarization front-to-back 
ratios of the spiral fed, open-ended antenna shown in FIG. 
1 fed in backfire mode, i.e., the main pattern beam comes off 
of the feed and of the antenna, to the performance of a prior 
art system wherein the spiral feed is replaced by radial feeds. 
Specifically, Graph 60 in FIG. 5 depicts the radially-fed prior 
art anteima to the performance of the spiral fed open-ended 
antenna represented by Graph 61. It will be apparent that the 
front-to-back ratio is improved over the entire frequency 
band represented in FIG, 4 from 200-400 MHz. 

FIG. 6 provides a similar comparison with vertical polar- 
ization. In FIG. 6 Graph 62 represents the radial-fed antenna 
and Graph 63 represents the front-to-back ratios for the 
spiral fed antenna of FIG. 1. With the exception of a portion 
of the low end of the frequency range (i.c, 200-230 MHz) 
front-to-back ratios are improved over the entire range of the 
frequencies, 

FIG. 7 compares the spiral fed, shorted anteima of FIG. 2 
with a comparable prior art antenna in which the spiral feeds 
are replaced with radial feeds. More particularly, FIG. 7 
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depicts the front-to-back ratios for horizontally polarized 
signals and FIG. S for vertically polarized signals. In FIG. 7 
graph 64 represents front-to-back ratios for the prior art 
antenna; graph 65 for the antenna of FIG. 2. In FIG. 8, graph 

5 66 represents front-to-back ratios for the prior art antenna; 
graph 67 for the antenna of FIG. 2. Both these graphs 
demonstrate that front-to-back ratios are improved over the 
entire spectrum by the application of this invention. 

FIG. 9 depicts the VSWR of the antenna as shown in 
FIGS. 1 and 2. Graph 70 depicts the VSWR of the antenna 
in FIG. 1; Graph 71, the antenna in FIG. 2. The VSWR 
reaches an acceptable level at about 200 MHz and remains 
at acceptable levels to at least 500 MHz. In addition, it will 
be apparent that whether the antennas are operated in the 
open or shorted forms of FIGS. 1 and 2 the VSWR's have 

^ ^ about the same values. Therefore, antenna performance from 
this aspect seems unaffected by being in the open or shorted 
versions. 

FIGS. 10 and 11 compare sample radiation patterns for the 
antennas in FIGS. 1 and 2 for both horizontal and vertical 

20 polarizations at 270 MHz. More specifically, FIG. 10 depicts 
the patterns for horizontal polarization. Graph 72 depicting 
the radiation pattem for the prior art antenna and Graph 73 
the antenna of FIG. 1. In FIG. 11, Graph 74 depicts the 
radiation pattem for vertically polarized signals for the prior 

25 art antenna and Graph 75 for the antenna in FIG. 1. These 
comparisons show that most of the radiation from the 
antenna is in the forward direction. Moreover, the compari- 
sons show that at this particular frequency the front-to-back 
ratios, Le., the ratio of gain at to gain at 180°, are 

30 improved throughout. Further, analyses for other frequen- 
cies depict that this characteristic continues throughout the 
spectrum. 

In summary, the antennas depicted schematically in RGS. 
1 and 2 operate as do prior art antennas over a wide 
35 frequency range with acceptable levels of VSWR in both an 
open mode and shorted mode. However, the antennas of the 
present invention improve front-to-back ratios are improved 
essentially over the entire frequency range in all modes and 
in both horizontal and vertical polarizations. Moreover, the 
^ radiation patterns from these are improved. It will be appar- 
ent that this anteima has been described with respect to two 
particular embodiments and again in schematic form. This 
specific implementation of this invention may take different 
forms. Particularly, several alternative methods for feeding 
45 the antenna elements through the spiral path have been 
disclosed. It is the object of the appended claims to cover all 
such variations and modifications as come imder the true 
spirit and scope of this invention. 
What is claimed is: 
5Q 1. A helical antenna comprising: 

a given plurality of antenna elements supported as spaced 

helices along an antenna axis; 
antenna feed points proximate the antenna axis at a first 
end of the helices; and 
55 a spiral conductor line between each antenna element and 
one of said antenna feed points for providing an imped- 
ance matching signal path, said spiral conductor lines 
lying in a common plane transverse to the antenna axis. 

2. A helical antenna as recited in claim 1 wherein said 
60 given plurality of antenna elements is an even number 

whereby a pair of antenna elements terminate with free ends 
at a second end of the hehces at diametrically opposed 
positions, 

3. A helical antenna as recited in claim 2 additionally 
65 comprising a connector for electrically connecting each pair 

of diametrically opposed free ends at the second end of the 
helices. 
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4. A helical antenna as recited in claim 1 wherein each 
spiral conductor line has a variable cross section along its 
length. 

5. A helical antenna as recited in claim 4 wherein said 
variable cross section diminishes linearly from said feed 
point to its respective antenna element. 

6. A helical antenna as recited in claim 4 wherein said 
variable cross section diminishes exponentially from said 
feed point to its respective antenna element. 

7. A helical antenna as recited in claim 4 wherein said 
variable cross section has a constant dimension in one plane 
and a variable dimension in an orthogonal plane. 

8. A helical antenna as recited in claim 7 wherein each 
said spiral conductor line has a constant thickness parallel to 
the antenna axis and a variable width in the transverse plane. 

9. A helical antenna as recited in claim 7 wherein each 
said spiral conductor line has a constant width in the 
transverse plane and a variable thickness parallel to the 
antenna axis. 

10. A helical antenna as recited in claim 1 wherein: 
each said antenna element has a length of at least % of a 

wavelength of the minimum antenna operating fre- 
quency; and 

each said spiral conductor line has a length of at least 
wavelength of the minimum antenna operating fre- 
quency. 

11. A helical antenna as recited in claim 1 wherein said 
plurality of antenna elements is an even number whereby a 
pair of antenna elements are connected to spiral conductor 
lines at diametrically opposed positions. 

12. A helical antenna as recited in claim U further 
comprising a plurality of transmission lines, each transmis- 
sion line connected to a pair of anterma feeds corresponding 
to the diameterically opposed pair of antenna elements, 
wherein each corresponding pair of spiral conductor lines 
has a configuration that provides a first characteristic imped- 
ance that matdies a characteristic impedance of the corre- 
sponding antenna elements at the connections thereto and 
further provides a second characteristic impedance for 
matching a characteristic impedance of the transmission line 
connected thereto. 

13. A quadrifilar helical antenna for operating over a 
frequency bandwidth defined by a minimum operating fre- 
quency comprising: 
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a cylindrical support extending along an antenna axis 

between first and second ends thereof; 
four equiangularly spaced helical antenna elements 
^ extending along said support, each said antenna ele- 
ment having a length of at least % wavelength of the 
antenna minimum operating frequency; 
a planar feed end support at the first end of and transverse 
to said cylindrical support for defining a feed point for 
10 each antenna element; 

four conductors arranged in spaced spiral paths, said 
spiral being oppositely wound from said helical 
antenna elements, each said conductor connecting 
15 between a feed point and a corre^onding antenna 
element 

14. A quadrifilar helical antenna as recited in claim 13 
wherein each antenna element extends to a free end adjacent 
the second end of said cylindrical support. 

15. A quadrifilar helical antenna as recited in claim 14 
additionally comprising a connector for electrically connect- 
ing each pair of diametrically opposed firee ends. 

16. A quadrifilar hehcal antenna as recited in claim 13 
wherein each of said spiral conductors has a cross-section 
that varies dimioishingly firom said feed point to its respec- 
tive antenna element. 

17. A quadrifilar helical antenna as recited in claim 16 
wherein each of said spiral conductors has a cross-section 

30 that varies in a dimension parallel to said antenna axis. 

18. A quadrifilar helical antenna as recited in claim 16 
wherein each of said spiral conductors has a cross-section 
that varies in a dimension parallel to said antenna axis. 

19. A quadrifilar helical antenna as recited in claim 13 
35 wherein each of said spiral conductors has a cross-section 

that varies linearly, the cross-section diminishing from said 
feed point to its respective antenna element. 

20. A quadrifilar helical antenna as recited in claim 13 
wherein each of said spiral conductors has a cross-section 

^ that varies diminishes exponentially, the cross-section 
diminishing fi'om said feed point to its respective antenna 
element. 

« * * « « 
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[57] ABSTRACT 

A tapered slot quadrifilar antenna for GPS receivers. The 
antenna has a cylindrical dielectric body covered with a 
conductive coating. Four helical slots are formed in the 
antenna and extend around one half of its circumference to 
provide a right hand circular polarization for receiving GPS 
signals. Amicrostrip feed system is provided and is arranged 
to create balanced currents along both sides of each slot so 
that the impedance transformation is not adversely aflEected. 
Each slot has a narrow upper end and a wide lower end and 
a progressively greater width from the narrow end to the 
wide end. 

21 Clahns, 2 Drawing Sheets 
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QUADRIFILAR TAPERED SLOT ANTENNA the transverse portions and are generally parallel to the 

tapered slots. The end of each feed line terminates in an open 

FIELD OF THE INVENTION circuit at the feed point. The longitudinal portions of the 

. - slots have lengths that are equal to about one fourth wave- 

This invention relates generally to cylindrical slot anten- ^ , ^^pg ^re received. The resonant 

nas and deals more particularly with a slot antenna in which jrifilar structure provides the necessary right hand cir- 

helical slots are tapered m order to enhance the horizon polarization and increases the radiation coverage in the 

coverage for reviving low elevation signals such as those ^^^^ ^^^^ ^^^^^ ^^^^^^^ 

emitted from GPS satellites. the horizon 

BACKGROUND OF THE INVENTION Other and further objects of the invention, together with 

the features of novelty appurtenant thereto, will appear in the 
In recent years, the global positioning system (GPS) has course of the foUowing description, 
been insUiimental in advancing the practical utility of sat- 
ellite communications in a variety of applications. In order BRIEF DESCRIPTION OF THE DRAWINGS 
to take fiill advantage of the capabilities offered by GPS 15 , ^. • j - i.- t_ r . r 
sitelUte transmissions, antennas that provide a right hand In the accompanyuig drawmp which form a part of the 
circular polarization are necessary. Good coverage near the ^P^<^&^^on and are to be read m conjunction therewith and 
!_• 1*' TiiM in which like reference numerals are used to indicate like 
horizon is also necessary so that low elevation satellites can wuivu ur^*. i^l^i^^uv*/ uuiu*.iais» uj«^ iw muivou., iir^^ 

be effectively tracked. Antennas having crossing slots have ^ ^® vanous views: 

been proposed, as have a variety of cylindrical slot antennas. 20 ^ a perspective view of a quadrifilar tapered slot 

Slot antennas typically include slots that are uniform in antenna constmcted according to a preferred embodiment of 

width and are used with microstrip feed systems. Cylindrical present invention, with microstrip feed lines being only 

slot antennas have many advantageous characteristics, partially shown for purposes of clarity; 

including broad beam pattern production, light weight, ame- FIG. 2 is a diagrammatic view showing the measured 

nability to mass production, and simple feeding and match- is frequency response of the input impedance of the quadrifilar 

ing techniques. However, the cylindrical slot antennas that slot antenna of the present invention; and 

have been proposed in the past have not been entirely piG. 3 is a diagrammatic view showing the radiation 

satisfactory with respect to their ability to provide effective pattern of the slot antenna of the present invention, 

horizon coverage of low elevation signals. 

30 DETAILED DESCRIPTION OF THE 

SUMMARY OF THE INVENTION INVENTION 

Accordingly, it is evident that a need exists for a GPS Referring now to the drawings in more detail and initially 

antenna that is improved in its ability to track satellites at to FIG. 1, numeral 10 generally designates a printed quarter 

lowanglesof elevation. It is the principal goal of the present wavelength quadrifilar slot antenna constructed in acoor- 

invention to meet that need. The invention is also directed to dance with the present invention. The antenna 10 has a body 

a GPS anteima that exhibits good impedance matching and 12 which may be constructed of a dielectric laminate having 

a good front/back ratio. the shape of a hollow cylinder. The body 12 should be 

More specifically, it is an object of the invention to nonconductive and is preferably a dielectric constructed of 

provide an antenna that is improved functionally and which KAPTON material (KAPTON is a registered trademark of 

takes advantage of the practical benefits of slot antennas, E. I. DuPont Nemours & Co.). Other suitable materials can 

such as suitabUity for low cost mass production, lightweight, he used to construct the body 12 of the antenna, 

a compact configuration, broad beam pattern capabilities, The cylindrical outer surface of the body 12 is provided 

and simplicity in feeding and matching techniques. with a thin coating 14 which coats the outside of the antenna 

In accordance with the present invention, a resonant 45 The coating 14 is constructed of a suitable electrically 

quadrifilar stmcture is provided by forming four tapered conductive material such as a metal. The coating 14 provides 

helical slots in a cylindrical antenna in order to improve the an electrical ground for microstrip feed lines which will 

antenna tracking near the horizon. The base of the antenna subsequently be described. 

is formed as a cylinder which is preferably constructed firom The antenna 10 may have a cap (not shown) which 

a dielectric laminate. The outer surface of the cylinder is jq includes a conductive material that is in contact with the 

coated with a conductive material that provides an electrical coating 14 when the cap is in place on the top end 12a of the 

ground for a microstrip feed line system . The slots are etched antenna body 12. 

in the coating starling at one end of the cylinder and Four helical radiating slots 16 are formed through the 

terminating well short of the opposite end. Each slot extends antenna 10 and extend through the body 12 and the coating 

around approximately one half of the circumference of the 55 14. each of the radiating slots 16 has a spiral or helical 

cylinder. configuration and extends into the top end of the antenna 10. 

Each slot is tapered from bottom to top to provide a more Each slot 16 extends helically around approximately one- 
uniform current flow and a loop-dipole radiation pattern. half of the circumference of the antenna 10 and terminates 
This in turn improves the horizon coverage and maintains a in a bottom end that is located well above the lower end 12b 
good cardioid shaped radiation pattern. Each slot has its go of l^e body 12. The slots 16 are spaced equidistantly apart 
narrow top end at the upper edge of the antenna and its wide and are parallel to one another. The slots 16 may be etched 
end shorted at a location well away from the bottom end of in the coating 14 using conventional techniques, 
the antenna. Each slot progressively widens from its narrow It is a particular feature of the invention that each of the 
upper end to its wide lower end. slots 16 is tapered. Each slot 16 has a relatively narrow upper 

Microstrip feed lines are connected with an electric circuit 55 end 1 6a that is an open end adjacent to the top end 12fl of 

and include transverse portions that cross the slots at right the antenna body 12. The opposite or lower end 16/? of each 

angles. Longitudinal portions of the feed lines extend from slot is a shorted end which is considerably wider than the 
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upper end 16a. End X6b is located well above the lower end 
12i of the body 12. Each slot 16 gradually and progressively 
widens as it extends in a helical curve from the narrow upper 
end 16a to the wide lower end 166. 

A conventional hybrid electrical circuit (not shown) is 
connected with microstrip feed lines which are identified by 
numeral IS. Each of the slots 16 is provided with one of the 
feed lines 18. The lower end portion of each feed line 18 
connects with the hybrid circuit and the lower portions of the 
feed lines 18 extend upwardly slightly above the wide lower 
ends 16b of the corresponding slots 16. Eadi feed line 18 
includes a relatively idiort transverse portion 18a which 
extends across the corresponding slot 16 at a right angle to 
the longitudinal axis of the slot. Each of the transverse 
portions 18a extends from the upper end of the leg of the 
feed line 18 which connects with the hybrid electrical 
circuit. 

Each feed line IS also includes a longitudinal portion 186 
which extends generally upwardly from the transverse por- 
tion 18a. Each longitudinal portion 186 extends along and 
parallel to the corresponding slot 16. Hie longihidinal por- 
tion 186 of each feed line 18 terminates in an end 18c which 
is an open circuit providing the feed point. The end 18c is 
spaced from the transverse portion 18a of the same feed line 
by a distance L which defines the length of the longitudinal 
portion 186. The distance L is equal to approximately Vi X, 
where X is the wavelength of the GPS signals which the 
antenna is to receive. 

The arrangement of the feed lines 18 relative to the slots 
16 results in balanced current flowing on both sides of each 
of the radiating slots 16 so that Xhsic is only minimal effect 
on the impedance transformation. At the same time, the 
tapered quadrifilar structure provides the right hand circular 
polarization whidi is necessary and improves the horizon 
coverage and VSWR. 

FIG. 2 shows the measured frequency response of the 
input impedance for the antenna 10. The antenna is resonant 
at 1.5754 Ghz (the GPS frequency) with input impedance of 
494j2 Q. 

The return loss at the center frequency is greater than 30 
dB. The cardioid radiation pattern of the antenna 10 is 
depicted in FIG. 3. The half power beam width is more than 
120** and the front/back ratio is greater than 20 dB. This is 
generally considered to be a favorable ratio for the resistance 
of multipath signals from the ground. 

The quarter wavelength quadrifilar slot antenna 10 was 
verified by conducting a field test using a Garmin GPS 90™ 
receiver. The test was conducted under a satellite geometry 
with Position Dilution of Precision (PDOP) of 70 ft. The 
results of the test indicate that satellites 2, 7, 15, 19, and 27 
located within the axis angle of 8=±45*' have calibrated 
signal scales of 10, 7, 7, 8, and 9, corresponding to receiver 
phase noise 53 dB, 47 dB, 47 dB, and 51 dB, respectively. 

Satellites 13, 26, and 31 located outside the axis angle of 
e«±45*' have calibrated signal scales of 6, 7, and 5, corre- 
sponding to receiver phase noise of 45 dB, 47 dB, and 43 dB 
respectively. These test results indicate a radiation pattern 
coverage of the antenna 10 that permits it to effectively track 
satellites near the horizon at very low elevation angles. 

The construction of the antenna 10 and the pattern and 
relationship of the slots 16 and feed lines 18 result in good 
input impedance matching, a good front/back ratio, and 
improved horizon coverage. At the same time, the known 
advantages of cylindrical slot antennas are achieved, includ- 
ing low cost manufacturing, light weight, compact size, ease 
of fabrication and assembly, and simple feeding and match- 
ing techniques. 
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From the foregoing it will be seen that this invention is 
one well adapted to attain all ends and objects hereinabove 
set forth together with the other advantages which are 
obvious and which are inherent to the structure. 

It will be understood that certain features and subcombi- 
nations are of utility and may be employed without reference 
to other features and subcombinations. This is contemplated 
by and is within the scope of the claims. 

Since many possible embodiments may be made of the 
' invention without departing from the scope thereof, it is to 
be understood that all matter herein set forth or shown in the 
accompanying drawings is to be interpreted as illustrative, 
and not in a limiting sense. 

Having thus described the invention, what is claimed is: 
' 1. An antenna for electromagnetic signals, comprising: 

a nonconductive cylindrical body having an outside sur- 
face; 

a conductive coating on said outside surface of said body; 
I a plurality of slots in said coating extending in a helical 
pattern around said body, each slot having opposite 
ends with one end having a lesser width dimension 
across the slot than the opposite end; and 
a feed line for each slot having a transverse portion 
25 extending across the slot and a longitudinal portion 
extending generally along and parallel thereto. 
2. An antenna as set forth in claim 1, wherein said body 
has upper and lower ends and said one end of each slot is 
closer to said upper end than to said lower end. 
30 3. An antenna as set forth in claim 2, wherein said one end 
of each slot is adjacent to said upper end of the body. 

4. An antenna as set forth in claim 3, wherein said 
opposite end of each slot is spaced from said lower end of 
the body. 

35 5. An antenna as set forth in claim 4, wherein said slots are 
spaced substantially equidistantly apart and are substantially 
parallel. 

6. An antenna as set forth in claim 1, wherein said slots are 
spaced substantially equidistandy apart and are substantially 

40 parallel. 

7. An antenna as set forth in claim 1, wherein said 
cylindrical body comprises a dielectric. 

8. An antenna as set forth in claim 1, wherein said 
cylindrical body comprises a laminate. 

45 9. An antenna as set forth in claim 1, wherein said coating 
provides an electrical ground for said feed lines. 

10. An antenna as set forth in claim 1, wherein said 
longitudinal portion of each feed line terminates in an open 
circuit. 

50 11. An antenna as set forth in claim 1, wherein said 
longitudinal portion of each feed line has an end and a length 
L between the transverse portion thereof and said end 
thereof, said length L being approximately Va X where X is 
the wavelength of a GPS signal to be received by the 

55 antenna. 

12. An antenna as set forth in claim 11, wherein said end 
of the longitudinal portion of each feed line terminates in an 
open circuit. 

13. An antenna as set forth in claim 1, wherein each slot 
60 extends helically around said body approximately one half 

of the circumference thereof. 

14. An antenna as set forth in claim 1, wherein the 
transverse portion of each feed line is oriented substantially 
perpendicular to the corresponding slot. 

65 15. An antenna as set forth in claim 14, wherein said 
longitudinal portion of each feed line has an end and a length 
L between the transverse portion thereof and said end 
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thereof, said length L being appro}dmately Va X where X is 
the wavelength of a GPS signal to be received by the 
antenna. 

16. An antenna as set forth in claim 15, wherein said end 
of the longitudinal portion of each feed line terminates in an 5 
open circuit. 

17. A cylindrical slot antenna, comprising: 

a nonconductive cylindrical body having opposite first 
and second ends and an outside surface; 

a conductive coating on said outside surface; 

a plurality of slots in said coating each having a narrow 
end adjacent said first end of said body and a wide end 
spaced from said second end of said body, each slot 
extending around said body in a helical pattern and 
having a greater width at said wide end than at said 
narrow end; and 

a feed line for each slot connected with an electric circuit, 
each feed line having a transverse portion extending 
across the corresponding slot and a longitudinal portion 20 
extending generally along and parallel thereto. 

18. An antenna as set forth in claim 17, wherein said slots 
are spaced substantially equidistantly apart and are substan- 
tially parallel. 



19. An antenna as set forth in claim 18, wherein each slot 
extends hehcally around said body approximately one half 
of the circumference thereof. 

20. A cylindrical slot antenna, comprising: 

a hollow cylindrical body constructed of nonconductive 
material, said body having an outside surface and 
opposite first and second ends; 

a conductive coating on said outside surface; 

a plurality of slots in said coating extending in a helical 
pattern and each having a relatively narrow end and a 
relatively wide end, each slot having the narrow end 
thereof adjacent said first end of said body and pro- 
gressively increasing in width firom said narrow end 
toward said wide end; and 

a feed line for each slot connected with an electric circuit, 
each feed line having a transverse portion extending 
across the corresponding slot and a longitudinal portion 
extending generally along and parallel thereto. 

21. An antenna as set forth in claim 20, wherein said wide 
end of each slot is spaced from said second end of the body. 
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INTEGRATED SATELUmE/TERRESTRIAL 
ANTENNA 

This appln claims the benefit of U.S. Provisional No. 
60/093,675 filed Jul. 22, 1998. 

HELD OF THE INVENTION 

The present invention relates to an integrated antenna and 
more particularly, the present invention relates to a dual 
mode antenna system. 

BACKGROUND OF THE INVENTION 

In the prior art, satellite antennae, terrestrial antennae and 
integrations of these two have been proposed. Referring 
initially to the satellite antennae prior art, the quadrifilar 
helix has been known for several decades. This antenna 
includes four helical windings fed in phase quadrature. This 
arrangement provided several characteristics particularly 
well suited to satellite communications including a hemi- 
spherical omnidirectional radiation pattern with excellent 
circular polarization throughout the radiation pattern as well 
as compactness and structural simplicity. 

For mobile terrestrial commimications, the same omnidi- 
rectional requirement exists, but the radiation pattern need 
only to be omnidirectional at the horizon due to the con- 
straints of terrestrial communications on the position of the 
user relative to base stations. The most common arrange- 
ment in the art is the monopole antenna comprising a simple 
wire above a ground plane. 

More contemporary designs of antennae have included 
dual mode systems. These systems accommodate satellite 
and terrestrial antennae. These systems present significant 
design problems particularly with respect to isolation 
between the two antennae, signal blockage minimization 
and compactness. 

The prior art systems attempted to alleviate the design 
difficulties by simply placing a sateUite antenna and a 
terrestrial antenna a minimum distance apart such that 
isolation and blockage requirements were met. Although a 
generally useful concept, in order to achieve the most 
desirable performance, a significant separation between the 
antennae was required. This did not solve the problem of 
compactness and, in fact, compromised the compactness 
requirement. 

In U.S. Pat. No. 5,600,341, issued Feb. 4, 1997, to ThUl 
et al., there is provided a dual function antenna structure for 
transceiving in first and second modes. 

The apparatus taught in this U.S. patent is a dual fre- 
quency single antenna as opposed to a dual mode dual 
antenna. Accordingly, in the Hiill et al. disclosure, there is 
no teaching with reject to a co-location of two discrete 
antennae and accordingly, there is no recognition or discus- 
sion of the problems encountered when one attempts to 
co-locate two antennae. The structure provides two feed 
points for two fields but remains a dual frequency single 
antenna. This arrangement does not address whatsoever any 
of the complications inherent in co-location of two antennae 
such as caging of the signal from antenna to block commu- 
nication of the co-located antenna. 

Further prior art related to the present invention is set 
forth in U.S. Pat. No. 4,959,657, issued to Mochizuki, issued 
Sep. 25, 1990. This reference teaches an omnidirectional 
antenna having a reflector. There is no provision in this 
reference for the isolation of a monopole antenna with a 
quadrifilar antenna and accordingly, this reference simply 
teaches a variation on what is already known in this art. 
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Moore et ah, in U.S. Pat. No. 5,657,792, issued Jul. 22, 
1997, discloses a combination GPS and VHF antenna. The 
combination antenna provides a volute or quadrifilar antenna 
together with a monopole. Although the elements are 

5 provided, there is no co-location between the two antennae 
which, of course, does not contribute to the compactness of 
the antenna. By simply providing the combination of the two 
known antennae in spaced relation, interference problems 
are not in issue. From a review of the disclosure, it is clear 

10 that the Moore et al. reference fails to recognize the value of 
having a co-located antenna system. 

The present invention completely overcomes the limita- 
tions in the known art and provides a dual mode antenna 
system having outstanding performance in a compact sys- 

15 tem. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide an 
improved dual mode antenna system. 

A further object of the present invention is to provide an 
integrated antenna, comprising: 

a quadrifilar antenna; and 

a monopole antenna positioned within the quadrifilar 
2^ antenna and independent of said quadrifilar antenna. 
Advantageously, the isolation difficulties inherent with 
prior art arrangements do not present any concerns in the 
instant system. In view of the fact that the monopole antenna 
has a field null in its center, interference or blockage of the 
monopole signal does not occur, thus allowing the antennae 
to function as if completely isolated. This feature facilitates 
collocation of the antennae without any loss in performance. 

Another object of the present invention is to provide a 
method of forming a dual mode integrated antenna, com- 
3^ prising the steps of: 

providing a quadrifilar antenna for transceiving circularly 

polarized fields; 
providing a monopole antenna for transceiving linearly 
polarized fields; 
40 co-locating the monopole antenna within the quadrifilar 
antenna and independent of the quadrifilar anteima; and 
phase coupling the monopole antenna to the quadrifilar 
antenna. 

Having thus described the invention, reference will now 
*5 be made to the accompanying drawings illustrating preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a dual mode antenna 
50 according to the prior art; 

FIG. 2 is an elevational view of the antenna in accordance 
with one embodiment of the present invention; 

FIG. 2A is a cross-section of FIG. 2; 

FIG. 3 is a graphical illustration of the return loss of the 
quadrifilar helix; 

FIG. 4 is a graphical illustration of the radiation perfor- 
mance of the quadrifilar; 

FIG. 5 is a graphical illustration of the return loss of the 
monopole; 

FIG. 6 is a graphical illustration of the elevation cut of the 
monopole; 

FIG. 7 is a graphical illustration of the azimuth sweep of 
the monopole; and 
55 FIG. 8 is a graphical illustration of the frequency isolation 
between the two antenna ports. 

Similar numerals in the figures denote similar elements. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring now to the drawings, FIG. 1 illustrates a con- 
ventional dual mode antenna system having a cylindrical 
quadrifilar antenna 10 positioned in spaced relation to a 
monopole antenna 12. The antennae are mounted on a 
ground plane 14 and spaced by a distance D for purposes of 
isolation and signal blockage minimization. 

FIG. 2 depicts an example of the antenna system accord- 
ing to one embodiment of the present invention. In the 
embodiment shown, the monopole antenna 12 is positioned 
centrally (coaxially) of the quadrifilar antenna 10. A capaci- 
tor and grounding tab, globally denoted by niuneral 18, are 
provided. A connection 20 for the quadrifilar antenna is 
provided for connection with an external source (not 
shown). A similar connection 22 is provided for the mono- 
pole antenna 12. A brace 24 may be positioned beneath the 
ground plane 14 for bracing the system. The cylindrical 
quadrifilar does not demonstrate a field null in its center. The 
field pattern of the quadrifilar is formed by its winding;; 16. 
As mentioned herein previously, this significandy reduces 
the efEect on performance with the presence of the monopole 
antenna 12. In the event that the frequency plan of the dual 
mode system is such that the satellite communications ^5 
frequency is approximately an even multiple of the terres- 
trial communications frequency, the monopole antenna 12 
presents a high impedance further improving the isolation 
between the two antennae 10 and 12. 

In FIG. 2A, a cross-section of the antenna is shown in 30 
which a rigid foam material 17 is disposed between the 
quadrifilar antenna on its interior surface and the monopole 
antenna 12. As illustrated, the monopole antenna 12 is 
completely surrounded by the material 17. In instances 
where rigidity to the overall antenna unit is not required, 35 
then the rigid foam may be readily replaced with semi or 
non-rigid foam material. In terms of the material for the 
foam, suitable examples include polyurethane foam, 
polystyrene, polyvinyl chloride foam, inter alia. With 
respect to the quadrifilar antenna, as illustrated in FIG. 2, the ^ 
antenna includes four windings, which windings present a 
45** angle relative to the monopole. It has been found that a 
45** disposition provides the most effective results, however, 
for winding dispositions in the range of 36** to 48^, adequate 
results are obtainable. The windings of the quadrifilar are 45 
moimted to a polymeric cylinder as illustrated in FIG. 2 and 
2A, with the polymer being selected from any of the suitable 
polymers, examples of which include Kapton™, Mylar™, 
etc. 

As is known, the quadrifilar antenna windings 16 can 50 
interfere or otherwise block a radiated pattern from the 
monopole antenna 12 to free space. The present invention 
has advantages in that this ''caging*' effect can be minimized. 
This is achieved by selectively positioning the windings 16 
of the quadrifilar antenna 10. It has been found that this is ss 
an important feature in that if the angle of the windings is too 
steep, caging of the monopole antenna 12 will occur. Com- 
plications arise in the form of radiation pattern degradation 
as well as input impedance matching complications. If the 
pitch of the windings 16 is not steep enough, windings 16 60 
become very close to each other and this results in the 
formation of an electrical wall which blocks radiation from 
the lower portion of the monopole antenna 12. It has been 
found that a winding pitch degree comprising 45° yielded 
outstanding results. 65 

Due to coupling from the monopole antenna 12 to the 
windings 16 of the quadrifilar antenna 10 being in phase, the 



nature of the quadrature feed network if the quadrifilar 
antenna leads to phase cancellation of the coupled energy. 
This contributes to high isolation at the terrestrial operating 
frequency. 

In the figures, the design frequencies were as follows: 

Satellite RX: 1525-1575.42 MHz 
Satellite TX:1610-1660.5 MHz 
Terrestrial RX:806-825 MHz 
Terrestrial TX:851-^70 MHz 

FIGS. 3 through 8 demonstrate performance results for 
the present invention. These results were generated using the 
windings of the quadrifilar antenna at an angle of 45** as 
indicated herein. 

Although embodiments of the invention have been 
described above, it is not limited thereto and it will be 
apparent to those skilled in the art that numerous modifica- 
tions form part of the present invention insofar as they do not 
depart from the spirit, nature and scope of the claimed and 
described invention. 

We claim: 

1. An integrated dual mode antenna, comprising: 

a quadrifilar antenna having a plurality of spaced apart 
windings and a feed connection for connection with a 
first feed; and 

a monopole antenna positioned within said quadrifilar 
antenna and independent of said quadrifilar antenna, 
said monopole antenna having a feed connection for 
connection with a second feed different fix)m said first 
feed, said windings of said quadrifilar antenna being at 
an angle of between 36** to 48° relative to said mono- 
pole antenna. 

2. The integrated antenna as set forth in claim 1, wherein 
said quadrifilar antenna includes four windings. 

3. The integrated antenna as set forth in claim 1, wherein 
coupling from said monopole antenna to said quadrifilar 
anteima is in phase. 

4. The integrated antenna as set forth in claim 1, wherein 
said windings are at a 45° angle relative to said monopole 
antenna. 

5. The integrated antenna as set forth in claim 1, wherein 
said monopole is coaxially positioned within said quadrifilar 
antenna. 

6. The integrated antenna as set forth in claim 1, wherein 
said windings of said quadrifilar antenna are mounted to a 
polymeric cylinder. 

7. The integrated antenna as set forth in claim 1, wherein 
said quadrifilar antenna transceives circularly polarized 
fields and said monopole antenna transceives linearly polar- 
ized fields independently of said quadrifilar antenna. 

8. The integrated antenna as set forth in claim 1, wherein 
said plurality of windings are equidistant. 

9. The integrated antenna as set forth in claim 1, wherein 
a foamed polymer is positioned between said quadrifilar 
antenna and said monopole antenna. 

10. The integrated antenna as set forth in claim 9, wherein 
said foamed polymer surrounds said monopole antenna. 

11. A method of forming a dual mode integrated antenna, 
comprising the steps of: 

providing a quadrifilar antenna for transceiving circularly 

polarized fields; 
providing a monopole antenna for transceiving linearly 

polarized fields; 
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providing a separate feed connection for each of said 
guadrifilar antenna and said monopole antenna; 

co-locating said monopole antenna within said qtiadrifilar 
antenna and independent of said quadrifilar antenna; 
and 

phase coupling said monopole antenna to said quadrifilar 
antenna. 



12. The method as set forth in claim 11, further including 
the step of positioning a rigid polymeric foam material 
between said monopole antenna and said quadrifilar 
antenna. 

13. The method as set forth in claim 12, wherein said 
polymeric foam completely surrounds said monopole 
antenna. 
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ABSTRACT 



A dielectric-loaded loop antenna for operation at frequencies 
above 200 MHz has an elongate cylindrical core with a 
relative dielectric constant greater than 5, a pair of 
co-extensive helical antenna elements, a coaxial feeder 
structure extending through the core from a proximal end to 
a distal end where it is coiipled to the antenna elements^ and 
a balun formed on the core cylindrical surface and connected 
to the feeder structure at the proximal end of the core. Each 
helical antenna element is bifurcated at an intermediate 
position so that proximally, it is formed of two generally 
parallel branches each of which is coupled to a respective 
linking path around the core to meet a corresponding branch 
of the other elongate element therefore forming a conductive 
loop between the two conductors of the feeder structure. The 
two conductive loops have different electrical lengths as a 
result of, for example, the branches being of different 
lengths. In a preferred embodiment, the linking paths around 
the core are formed by the rim of a split conductive sleeve 
constituting the balun. The sleeve is formed in two parts 
separated by a pair of longitudinally extending diametrically 
opposed quarter wave slits each of which extends from the 
space between the branches of a respective helical antenna 
element to a short circuited end adjacent the proximal end of 
the core. 

42 Claims, 5 Drawing Sheets 
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DIELECTRIC-LOADED ANTENNA 

HELD OF THE INVENTION 

This invention relates to dielectric-loaded antenna for 
operation at firequencies in excess of 200 MHz, and having ^ 
a three-dimensional antenna element structure on or adjacent 
the surface of an elongate dielectric core which is formed of 
a solid material having a relative dielectric constant greater 
than 5. 

10 

BACKGROUND OF THE INVENTION 

An antenna as described above is known from published 
UK Patent Application No. GB 2292638A which discloses 
a quadrifilar antenna having an antenna element structure 
with four helical antenna elements formed as metallic con- 
ductor tracks on the cyhndrical outer surface of a cylindrical 
ceramic core. The core has an axial passage with an inner 
metallic lining and the passage houses an axial feeder 
conductor, the inner conductor and the lining forming a 
coaxial feeder structure for connecting a feed line to the 
helical antenna elements via radial conductors formed on the 
end of the core opposite the feed line. The other ends of the 
antenna elements are connected to a coimnon virtual ground 
conductor in the form of a plated sleeve surrounding a 
proximal end portion of the core and connected to the outer 
conductor of the coaxial feeder formed by the lining of the 
axial passage. The sleeve, in conjunction with the feeder 
structure forms a trap, isolating the helical elements from 
ground, yet providing conductive paths around its rim inter- 
connecting the helical elements. This antenna is intended 
primarily as an omnidirectional antenna for receiving cir- 
cularly polarised signals from sources which may be directly 
above the antenna, i.e. on its axis, or at smaller angles of 
elevation down to a few degrees above a plane perpendicular 
to the axis. It follows that this antenna is particularly suitable 
for receiving signals from global positioning system (GPS) 
satellites. Since the antenna is also capable of receiving 
vertically or horizontally polarised signals, it may be used in 
other radiocommunication apparatus such as handheld cord- ^ 
less or mobile telephones. 

A dielectric-loaded antenna which is particularly suited to 
portable telephone use is a bifilar helical loop antenna in 
which two diametrically opposed half turn heUcal elements 
form, in conjunction with a conductive sleeve as described 45 
above, a twisted loop yielding a radiation pattern which is 
omnidirectional with the exception of two opposing nuUs 
centred on an axis perpendicular to the plane formed by the 
four ends of the two helical elements. This antenna is 
disclosed in our co-pending U.S. patent application Ser. No. 50 
08/664,104 the contents of which form part of the disclosure 
of the present application by reference. When this loop 
antenna is appropriately mounted in a mobile telephone 
handset, the presence of the nulls reduces the level of 
radiation directed into the user's head during signal trans- 55 
mission. While the anteima gain is superior to many prior 
mobile telephone handset antennas, it is significantly less 
than the maximum value above and below a central resonant 
frequency. It is an object of this invention to provide an 
antenna of relatively wide bandwidth or capable of operating 
in two frequency bands. 

SUMMARY OF THE INVENTION 

According to a first aspect of this invention, there is 
provided a dielectric-loaded loop antenna for operation at 65 
frequencies above 200 MHz comprising an elongate dielec- 
tric core formed of a solid material having a relative dielec- 
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trie constant greater than 5 and, on or adjacent the surface of 
the core, a three-dimensional antenna element structure 
including at least a pair of laterally opposed elongate 
antenna elements which extend between longitudinally 
spaoed-apart positions on the core, and linking conductors 
extending around the core to interconnect the said elements 
of the pair, the elongate elements having respective first ends 
coupled to a feed connection and second ends coupled to the 
linking conduaors, wherein the said elongate elements and 
the linking conductors together form at least two looped 
conductive paths each extending from the feed connection to 
a location spaced lengthwise of the core from the feed 
connection, then around the core, and back to the feed 
connection, the electrical length of one of the two paths 
being greater than that of the other path at an operating 
frequency of the antenna. Since the looped conductive paths 
have different electrical lengths, their resonant frequencies 
are different and can be selected so as to coincide, for 
example, with the centre frequencies of the transmit and 
receive bands of a mobile telephone system. 

The linking conductors may be formed by a quarter wave 
balun on the outer surface of the core adjacent the end 
opposite to the feed connection, the latter being provided by 
a feeder structure extending longitudinally through the core. 
In one preferred embodiment, the linking conductors are 
formed by mutually isolated parts of a balun sleeve so that 
each of the two looped conductive paths includes the rim of 
a respective sleeve part. The sleeve parts are isolated from 
each other by longitudinally extending slits in the conduc- 
tive material forming the sleeve, the electrical length of each 
slit from a respective short-circuited end to the relevant 
sleeve rim being at least approximately equal to a quarter 
wavelength at the operating frequency so that isolation 
between the two sleeve parts is provided at their junctions 
with the elongate antenna elements. 

Alternatively, each linking conductor may be formed by 
a conductive strip extending around a respective side of the 
core from one elongate antenna element to another In 
another alternative, one linking conductor may be formed in 
this way, and the other may be formed by the rim of a quarter 
wave baltm sleeve, with or without the slits described above. 
The advantage of incorporating a balun sleeve is that the 
antenna may then operate in a balanced mode from a 
single-ended feed coupled to the feeder structure. 

Advantageously, the antenna element structure has a 
single pair of laterally opposed elongate antenna elements 
each of which is forked so as to have a divided portion which 
extends from a location between the first and second ends of 
the element as far as a respective one of the linking con- 
ductors. The difference in electrical length between the two 
looped conductive paths may be achieved by forming one or 
both of the divided portions as branches of different elec- 
trical lengths. Each branch may then be connected to respec- 
tive linking conductors extending arotmd opposite sides of 
the core which, at least in the region of the elongate elements 
are isolated from each other. It will be appreciated that the 
difference in path lengths may be achieved not only by 
making the branches of different lengths, but by forming the 
linking conductors differently on opposite sides of the core. 

Particularly satisfactory operation can be achieved by 
arranging for the electrical length of each branch to be 
approximately 90** (or (2n+l)X/4 where n«=0, 1, 2 . . . ) at the 
resonant frequency of its respective conductive path, X being 
the corresponding wavelength. The linking conductors rep- 
resent a location of low impedance at the operating 
frequency, and each 90** length acts as a current-to-voltage 
transformer so that the impedance at the fork of each forked 
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element is relatively high. Accordingly, at the resonant 
frequency of one of the conductive paths, excitation occurs 
in that path simultaneously with isolation from the other 
path or paths. It follows that two or more distinct resonances 
can be achieved at different frequencies due to the fact that 
each branch loads the conductive path of the other only 
minimally when the other is at resonance. In effect, two or 
more mutually isolated low impedance paths are formed 
around the core. 

In the preferred antenna in accordance with the invention, 
the advantageous low impedance connection point for the 
antenna elements at their junction with the linking conductor 
or conductors is provided by annular linking conductors in 
the form of a cylindrical split conductive sleeve which 
operates in conjunction with a feeder structure extending 
longitudinally through the core to form an isolating trap 
which causes currents circulating around the looped con- 
ductive paths to be confined to the rim of the sleeve. By 
connecting the proximal end of the sleeve to the feeder 
structure and arranging for the longitudinal electrical length 
of the sleeve to be at least approximately nx90* within the 
operating frequency band of the antenna (where n is an odd 
number), the sleeve provides a virtual ground for the elon- 
gate antenna elements. The sleeve is split in the sense that 
longitudinally extending slits are formed as breaks in the 
conductive material of the sleeve. Jhas, in the case of each 
elongate antenna element having branches as described 
above which are connected to the rim of the sleeve, there are 
two slits each of which extends from the ^ace between the 
branches of a respective one of the elongate antenna ele- 
ments to a re^ective short circuited end thereby forming 
two part-cylindrical sleeve parts. Since the slits each have an 
electrical length of about a quarter wavelength (X/4) in the 
operating frequency band, the zero impedance of the short- 
circuited end is transformed to a high impedance between 
the sleeve parts at their junctions with the branches of the 
elongate antenna elements. 

To accommodate the preferred X/4 electrical length for 
each slit, each may be L-shaped, having a first part which 
runs longitudinally and a second part adjacent the short 
circuited end which runs perpendicularly to the longitudinal 
part. By arranging for one of the second end parts to be 
directed in one direction around the core and the other 
second part to be directed in the opposite direction around 
the core, the electrical length of one of the sleeve parts can 
be increased with respect to the other (by virtue of a 
pinching of the longitudinal conductive path). The signifi- 
cance of this becomes apparent when the rim of one sleeve 
part is at a different longitudinal location from the rim of the 
other sleeve part, in that if the pinching is arranged in the 
shorter of the sleeve parts, its electrical length may be 
increased so that the frequency at which the balun action 
occurs most effectively is brought nearer to the resonant 
frequency of the longer of the two looped conductive paths. 
Thus, with the ends of the elongate antenna elements lying 
generally in a common plane, the rim of the complete sleeve 
is effectively stepped insofar as the connection it provides 
around one side of the antenna is at a different longitudinal 
position on the core from the connection it provides around 
the opposite side. This means that if each forked antenna 
element has two branches, one shorter than the other, the 
shorter ones may be connected to that portion of the sleeve 
rim which is nearer the distal end of the core while the other, 
longer branches are connected to that part of the rim which 
is further from the distal end thereby creating conductive 
loops at different lengths and with different resonant fre- 
quencies. The branched portions of each element advanta- 
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geoxisly run parallel and close to each other, terminating on 
the sleeve rim at the bottom and top of the respective step in 
the rim, i.e. at the high impedance ends of the slit. 

Extension of the antenna bandwidth and a reduction in 
^ physical length may be achieved, in the case of a cylindrical 
rod-shaped core by forming each elongate antenna element 
as a half-turn helix. Preferably, the helix is forked at a 
position approximately midway between the end of the rod 
and the linking conductor. 

According to another aspect of the invention, a dielectric- 
loaded loop antenna for operation at frequencies above 500 
MHz comprises an elongate cylindrical core having a rela- 
tive dielectric constant greater than 5, and an antenna 
element structure on the core outer, surface comprising a pair 
of diametrically opposed elongate antenna elements and 
annularly arranged linking conductors. The elongate ele- 
ments extend from a feed connection at one end of the core 
to the linking conductors, with the ends of the elongate 
elements preferably lying substantially in a common plane 
containing the core axis insofar as the angular differences 
between the lines formed by radii joining the ends of the 
elongate elements to the core axis are no more than 20**. To 
achieve resonances at spaced apart frequencies, the elongate 
elements are each bifurcated to define two looped conduc- 
tive paths of different electrical lengths, each coupled to the 
feed connection. 

The invention also includes, according to yet a further 
aspect, a handheld radio communication unit having a radio 
transceiver, an integral earphone for directing sound energy 
from an inner face of the unit \^ch, in use, is placed against 
the user's ear, and an antenna as described above. The 
antenna is mounted such that the common plane lies gen- 
erally paraUel to the inner face of the unit so that a null in 
the radiation pattern of the antenna exists in the direction of 
the user's head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below by way of example 
40 with reference to the drawings in which: 

FIG. 1 is a perspective view of an antenna in accordance 
with the invention; 

FIG. 2 is an equivalent circuit diagram of part of the 
antenna of FIG. 1; 

45 

FIGS, 3A, 3B and 3C arc graphs showing reflected power 
as a function of frequency; 

FIG. 4 is a diagram illustrating the radiation pattern of the 
antenna of FIG. 1; 
50 FIG. 5 is a perspective view of a telephone handset, 
incorporating an antenna in accordance with the invention; 

FIG. 6 is a perspective view of a first alternative antenna 
in accordance with the invention; 

FIG. 7 is a perspective view of a second alternative 
antenna in accordance with the invention; 

FIG. 8 is a perspective view of a third alternative antenna 
in accordance with the invention; and 

FIG. 9 is a perspective view of a fourth alternative 
gQ antenna in accordance with the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, a preferred antenna 10 in accordance 
65 with the invention has an antenna element structure with two 
longitudinally extending metallic antenna elements lOA, 
lOB on the cylindrical outer surface of a ceramic core 12. 
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The core 12 has an axial passage 14 with an inner metallic all lie substantially in a common plane containing the axis* 

lining 16, and the passage houses an axial inner feeder 12Aof the core 12. The effect of this is explained hereinafter, 

conductor 18 surrounded by a dielectric insulating sheath This common plane is indicated by the chain lines 24 in FIG. 

19. The inner conductor 18 and the lining 16 in this case l. The feed connection to the antenna element structure and 

form a feeder structure for coupling a feed line to the 5 the feeder structure also lie in the common plane 24. 

antenna elemenU lOA, lOB at a feed position on the distal . . . ,,u™™ :« ttii- 1 ^ 

jr ^^^r^r^L r« * i ^ i In this preferred ante uua as showH m FIG. 1, the couduc- 

cnd face 12Dofthe core. The antenna clement structure also i -^a • i *.t. * 

includes corresponding radial antemia elements lOAR. ^ve sleeve 20 covere a proxmial porUon of the ^^^^^^ 

lOBR formed as metaUic conductors on the distal end face thereby surrounding the feeder strucUire 16 18, the 

12D connecting diametrically opposed ends lOAE, lOBE of ^^^^^ of the core 12 fillmg the whole of the ^ace between 

the respective longitudinaUy extending elements lOA, lOB ^° sleeve 20 and the metallic lining 16 of the axial passage 

to the feeder stmcture. sleeve 20 forms a split cylinder connected to the 

In this embodiment, the longitudinally extending ele- P^^^^g of the proximal end face 12P of 

ments IDA, lOB are of equal average length, each being in ^he core 12, the combmation of the sleeve 20 and plating 22 

the form ofa helix executing a half turn aiDund the axis 12A forming a balun so that signals in the transmission Une 

of the core 12, each helix lateraUy opposing the other and ^^^^^ feeder structure 16, 18 are converted between 

being longitudinally co-extensive. It is also possible for each unbalanced state at the proximal end of the antenna and 

helix to execute multiple half turns, e.g. a fiiU turn or IVi » balanced state at an axial position approximately in the 

turns. The antenna elements lOA, lOB are connected respec- pl*°e of the upper edge 20RA, 20RB of the sleeve 20. To 

tively to the inner conductor 18 and outer lining 16 of the *<=^eve this effect, the axial lengths of the sleeve parts 20A, 

feeder structure by their respective radial elements lOAR, ^OB are such that in the presence of an underlying core 

material of relatively high dielectric constant, the bahin has 

Each of the longitudinaUy extending elements lOA, lOB !" •«8* '^'^ °^90« in the operating 

has a proximal divided portion formed by respective pairs of ^^^^^l of ^ Smce the core material of the 

parallel substantially quarter wave branches lOAA. lOAB „ antemia has a foreshortemng effect and the amiular ^ace 

and lOBA, lOBB. These branches extend in generaUy the " f»^<"d">g the inner conductor 18 rs filled wth an insu- 

same direction as the undivided portion lOAU. lOBU, of ^''^ AiAfxXnc rnalenal 19 havmg a relatively small dielec- 

each element lOA, lOB, the junction between undivided and ^cot^^X, the feeder structure distaUy of the sleeve 20 has 

divided portions being, in this embodiment, approximately a short electnc length. As a rwult, signals at the distal end 

midway between the distal and proximal ends of elements ^ ^^^^ »8 ^ least approxunately 

lOA, lOB. To form complete conductive loops, each antenna oalanced. 

element branch lOAA, lOAB, lOBA, lOBB is connected to A further effect of the sleeve 20 is that for signals in the 
the rim (20RA, 20RB) of a common virtual ground conduc- region of the operating frequency of the antenna, the rim 
tor 20 in the form of a conductive sleeve surrounding a parts 20RA, 20RB of the sleeve 20 are effectively isolated 
proximal end portion of the core 12. This sleeve 20 is in turn from the ground represented by the outer conductor 16 of the 
connected to the lining 16 of the axial passage 14 by plating feeder structure. This means that currents circulating 
22 on the proximal end face 12P of the core 12. Thus each between the antenna elements lOA, lOB are confined sub- 
conductive loop formed by the helical elements lOA, lOB stantially to the rim parts. The sleeve 20 thus acts as an 
(including the respective branches), the radial elements isolating trap to reduce the phase-distorting influence of 
lOAR, lOBR, and the rim of the respective portion 20RA, ^ unbalanced currents in the antenna. 
20RB of the sleeve 20 is fed at the distal end of the core by The preferred material for the core 12 of the antenna is a 
a feeder stmcture which extends through the core from the zirconium-titanate-based material. This material has a rela- 
proximal end, and lies between the antenna elements lOA, tive dielectric constant of 36 and is noted also for its 
lOB. The antenna consequently has an end-fed bifilar helical dimensional and electrical stability with varying tempera- 
structure. ^5 ture. Dielectric loss is negligible. Tlie core may be produced 

Over at least its upper or distal portion, the sleeve 20 is by extrusion or pressing, 
split into two opposed parts 20A, 20B each subtending an The antenna elements lOA, lOB, lOAR, lOBR are metal- 
angle approaching 180** at the core axis 12A, and separated lie conductor tracks formed on or adjacent the outer cylin- 
from each other by longitudinal slits 20S which are breaks drical and distal end surfaces of the core 12, each track being 
in the conductive material of the sleeve 20 extending from 50 of a width at least as great as its thickness over its operative 
the spaces between the proximal ends lOAAE, lOABE, length. The tracks may be formed by initially plating the 
lOBAE, lOBBE of the antenna element branches to short- surfaces of the core 12 with a metallic layer and then 
circuited ends 20SE. selectively removing the layer to expose the core according 

In this embodiment each of the slits 20S has a longitudinal to the required pattern. Alternatively, the metallic material 

portion parallel to the core axis and a tail portion which 55 may be applied by selective deposition or by printing 

extends around the core, the two portions forming an "^h". techniques. In all cases, the formation of the tracks as an 

The lower tail portions are directed in opposite directions integral elements at the outside of a dimensionally stable 

towards each other so as to pinch the width of the shorter core leads to an antenna having dimensionally stable 

(20A) of the two sleeve parts 20A, 20B. antenna elements. 

At any given transverse cross-section through the antenna 60 It will be understood from the above that the longitudi- 

10, the antenna elements lOA, lOB are substantially dia- nally extending antenna elements lOA, lOB, together with 

metrically opposed, and the proximal ends lOAAE, lOABE, the rim portions 20RA, 20RB of the sleeve parts 20A, 20B, 

lOBAE, lOBBE of the antenna element branches are also form two looped conductive paths in the operating fre- 

substantially diametrically opposed where they meet the rim quency range of the antenna, each looped path being isolated 

of sleeve 20, as are the slits 20S. ss from ground. Thus, a first looped conductive path begins at 

It wUl be noted that the ends lOAE, lOBE, lOAAE, the feed connection on the distal face 12D of the core and 

lOABE, lOBAE, lOBBE of the antenna elements lOA, lOB extends via radial conductor lOAR, the upper portion of 
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element lOA, one of the branches lOAAof the lower portion 
of element lOA, a first semicircular portion 20RA of the rim 
of sleeve 20 extending around one side of the core 12, one 
of the branches lOBA of element lOB, the distal portion of 
element lOB and, finally, the radial conductor lOBR back to 5 
the feeder. The other conductive path also forms a loop 
beginning at the feeder. In this case, the path follows element 
lOAR, the distal portion of element lOA, the other branch 
lOAB of element lOA, the other portion 20RB of the rim of 
sleeve 20, this time extending around the opposite side of the 
core 12 from rim portion 20RA, then via the other branch 
lOBB of antenna element lOB, the distal portion of element 
lOB and, finally, back to the feeder via radial element lOBR. 

These two conductive paths are of dififerent physical and 
electrical lengths as a result of the branches lOAA, lOBAof 
the first conductive path being longer than those lOAB, 
lOBB of the second conductive path, and by virtue of the rim 
portion 20RA being further from the feed connection at the 
distal end 12D of the core than the other rim portion 20RB. 
This difference in height between the two rim portions 20RA 20 
and 20R6 results in the rim having a stepped profile with the 
antenna element branches of each element lOA, lOB being 
joined to the sleeve 20 on opposite sides of the rim steps, as 
, shown in FIG. 1. As a result of the differing lengths of the 
looped conductive paths, they have different resonant fre- ^5 
quencies. 

An equivalent circuit diagram representing the antenna 
element structure of the antenna of FIG. 1 is shown in FIG. 
2. The undivided distal portion of each antenna element 
lOA, lOB, together with the respective radial connections 30 
lOAR, lOBR may be represented by a transmission line 
section of an electrical length which is at least approxi- 
mately equal to K/A or, more generally, (2n+l)V4 where X 
is the centre wavelength of the antenna operating band and 
n=0, 1, 2, 3 ... The branches lOAA, lOAB, lOBA, lOBB are 35 
represented by similar transmission line sections, i.e. as two 
pairs of parallel-connected sections, all connected in series 
between the distal portions of the antenna elements lOA, 
lOB and the virtual ground represented by the rim portions 
20RA, 20RB of the sleeve 20, The branch sections have 40 
electrical lengths or "KJA as shown, depending whether 
they are part of the longer or the shorter looped conductive 
path, the longer having a resonant frequency corresponding 
to a wavelength and the shorter having a resonant 
frequency corresponding to a wavelength X^, 45 

Since the isolating effect of the sleeve 20 confines currents 
mainly to the rim portions 20RA, 20RB when the antenna is 
resonant in a loop mode, they represent locations of current 
maxima. For signals having a wavelength in the region of 
and X2, the quarter wavelength branches lOAA-lOBB act as 50 
current-to-voltage transformers so that at the point where 
each antenna element is split there is a voltage maximum 
and the impedance looking into each branch tends to infinity, 
as shown in FIG. 2. Consequently, when one conductive 
loop is in resonance, the impedance looking into the ss 
branches of the other loop is high (providing and are 
of the same order). This means that the resonance of one 
loop is not significantly affected by the conductors of the 
other loop. There is, therefore, a degree of isolation between 
the two resonant modes embodied in two distinct paths. 60 

The individual antenna elements lOA, lOB, being each 
split into two parallel conductors passing from the balun 
connection point (i.e. the sleeve rim) to the points of voltage 
maxima at intermediate locations along the elements, isolate 
the two resonant paths (the conductive loops) from each 65 
other. This arrangement, as shown in FIG. 2, may be viewed 
as either a transforming or coupled line system. 
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The stepped sleeve rim 20RA, 20RB not only creates two 
differing loop path-lengths around opposite sides of the core 
such that two resonant frequencies are possible, but also it 
splits the choke balun represented by the sleeve 20 into two 
parallel resonant lengths. 

It should be noted that each longitudinal slit 20S in the 
sleeve 20 is arranged to have an electrical length in the 
region of a quarter wavelength at the centre frequency of the 
required operating frequency range, and it is for this reason 
that they are L-shaped in the embodiment of FIG. 1. It will 
be appreciated that sufficient length can be obtained from 
other configurations, for example by causing the slits to have 
a meandered path or by allowing them to extend around the 
proximal edge of the antenna into the plating 22 on the 
proximal end face 12P of the core 12. These quarter wave 
slits 20s have the effect of isolating the upper regions of the 
two sleeve parts 20A, 20B from each other so as to confine 
the currents in the longer of the two conductive loops to the 
rim portion 20RA, and those in the shorter loop to the rim 
portion 20RB. Isolation is achieved by transformation of the 
zero impedance of the short circuited ends 20SE to a high 
impedance between the sleeve parts 20A, 20B at the level of 
the two rim parts 20RA, 20RB. 

Arranging the tail portions of the slits 20S to be directed 
towards each other as shown in FIG. 1 has the effect of 
introducing a restriction in the current path between the rim 
portion 20RA of the shorter (20A) of the two sleeve parts 
20A, 20B and the connection of the sleeve to the feeder 
structure 16 at the proximal end of the core. This restriction 
increases the longitudinal impedance of sleeve part 20A, in 
effect by adding an inductance, thereby tending to reduce the 
frequency at which the balun effect due to that sleeve part 
20Ais most pronounced. Indeed, this frequency can be made 
to coincide with the resonant frequency of the looped 
conductive path which includes the rim of this sleeve part 
20A, in this case the longer of the looped conductive paths. 

The length of the slits has an effect on the ability of the 
antenna to operate efSciently at ^aced frequencies. Refer- 
ring to FIGS. 3A, 3B, and 3C, if the slit is too short to 
promote effective isolation between the upper regions of the 
two sleeve parts 20A, 20B, a comparatively weak secondary 
peak is formed at the higher of two resonant frequencies, as 
shown in FIG. 3A. At an optimum slit length, strong 
isolation is obtained and constructive combination of the 
two resonances due to the two conductive loops occurs, as 
shown in FIG. 3B, from which it will be seen that strong 
resonances occur at two spaced apart frequencies which, 
however, are closer together than the two frequencies of 
resonance shown in FIG. 3A. If the length of the slits is 
increased fiirther, isolation is less effective and the antenna 
has a primary resonance at a higher frequency and a weaker, 
secondary resonance at a lower frequency; the opposite 
situation to that of FIG. 3A. Depending on the tolerance to 
which the antenna is manufactured, individual adjustment of 
each antenna can be provided by initially forming the slits 
with a comparatively short overall length, and removing the 
conductive material of the sleeve 20 at the slit ends 20SE 
according to test results. This can be done by, for instance, 
grinding, or by laser ablation. 

Arranging for the ends lOAE, lOBE, lOAAE, lOABE, 
lOBAE, and lOBBE of the antenna elements lOA, lOB to lie 
all substantially in the common plane 24 (FIG. 1) is the 
preferred basis for configuring the antenna element structure 
such that the integral of currents induced in elemental 
segments of this structure by a wave incident on the antenna 
from a direction 28 normal to the plane 24 and having a 
planar wavefront sums to zero at the feed position, i.e. where 



04/13/2001, EAST Version: 1.02.0008 



us 6,11 

9 

the feeder structure 16, 18 is connected to the antenna 
element structure. In practice, the two elements lOA, lOB 
are equally disposed and equally weighted on either side of 
the plane 24, yielding vectoral symmetry about the plane. 

The antenna element structure with half -turn hehcal ele- 
ments lOA, lOB perforais in a manner similar to a simple 
planar loop, having a null in its radiation pattern in a 
direction transverse to the axis 12 A and perpendicular to the 
plane 24. The radiation pattern is, therefore, approximately 
of a figure-of-eight form in both the vertical and horizontal 
planes transverse to the axis 12 A, as shown by FIG. 4. 
Orientation of the radiation pattern with respect to the 
perspective view of FIG. 1 is shown by the axis system 
comprising axes x, y, z shown in both FIG. 1 and FIG. 4. The 
radiation pattern has two nulls or notches, one on each side 
of the antenna, and each centred on the line 28 shown in FIG. 
1. 

The notch in the direction y tends to be somewhat 
shallower than that in the opposite direction, as shown in 
FIG. 4, due to the masking of the current -carrying sleeve rim 
portion 20RA by the longer sleeve portion 20B when the 
antenna is viewed from the right hand side, as seen in FIG. 
1. 

The antenna has particular application at frequencies 
between 200 MHz and 5 GHz. The radiation pattern is such 
that the antenna lends itself especially to use in a handheld 
communication unit such as a cellular or cordless telephone 
handset, as shown in FIG. 5. To orient one of the nulls of the 
radiation pattern in the direction of the user's head, the 
antenna is mounted such that its central axis 12A (see FIG. 
5) and the plane 24 (see FIG. 1) are parallel to the inner face 
301 of the handset 30, and specifically the inner face 301 in 
the region of the earphone 32. The axis 12A also runs 
longitudinally in the handset 30, as shown. The more proxi- 
mal rim portion 20RB of sleeve 20 (FIG. 1) is on the same 
side of the antenna core as the inner face 301 of the handset. 
Again, the relative orientations of the antenna, its radiation 
pattern, and the handset 30 are evident by comparing the 
axis system x, y, z as it is shown in FIG. 5 with the 
representations of the axis system in FIGS. 1 and 2. 

With a core material having a substantially higher relative 
dielectric constant than that of air, e.g. €^=36, an antenna as 
described above for the DECT band in the region of 1880 
MHz to 1900 MHz typically has a core diameter of about 5 
mm and the longitudinally extending elements lOA, lOB 
have an average longitudinal extent (i.e. parallel to the 
central axis 12A) of about 16.25 mm. The width of the 
elements lOA, lOB and their branches is about 0.3 mm. At 
1890 MHz the length of the balun sleeve 20 is typically in 
the region of 5.6 mm or less. Expressed in terms of the 
operating wavelength X in air, these dimensions are, at least 
approximately, for the longitudinal (axial) extent of the 
elements lOA, lOB: 0.102X, for the core diameter: 0.0315X, 
for the balun sleeve: 0.035X or less, and for the track width: 
0.00189K. Precise dimensions of the antenna elements lOA, 
lOB can be determined in the design stage by undertaking 
eigenvalue delay measurements and iterative ly correcting 
for errors on a trial and error basis. 

Adjustments in the dimensions of the conductive ele- 
ments during manufacture of the antenna may be performed 
in the manner described in our above-mentioned UK Patent 
Application No. 2292638A with reference to FIGS. 3 to 6 
thereof. The whole of the subject matter of this prior 
application is incorporated in the present application by 
reference. 

The small size of the antenna suits its application in 
handheld personal communication devices such as mobile 



J4,845 Bl 

10 

telephone handsets. The conductive balun sleeve 20 and/or 
the conductive layer 22 on the proximal end face 12P of the 
core 12 allow the antenna to be directly mounted on a 
printed circuit board or other ground structure in a particu- 

5 larly secure marmer. Typically, if the antenna is to be 
end-mounted, the proximal end face 12? can be soldered to 
a ground plane on the upper face of a printed circuit board 
with the inner feed conductor 18 passing directly through a 
plated hole in the board for soldering to a conductor track on 
the lower surface. Alternatively, sleeve 20 may be clamped 
or soldered to a printed circuit board ground plane extending 
parallel to the axis 12A, with the distal part of the antenna, 
bearing antenna elements lOA, lOB, extending beyond an 
edge of the ground plane. It is possible to motmt the antenna 
10 either wholly within the handset unit, or partially pro- 
jecting as shown in FIG, 5. 

Alternative antennas in accordance with the invention are 
illustrated in FIGS. 6 to 9, 

Referring firstly to FIG. 6, a comparatively simple 
antecma dispenses with the sleeve balun of FIG. 1, the 
linking conductors formed by the rim portions of the sleeve 
in FIG. 1 being replaced by part-annular elongate strip 
elements 32A, 32B, one of which is connected to the 
proximal ends lOAAE, lOBBE of the longer antenna ele- 

25 ment branches lOAA, lOBB, the other being connected to 
the proximal ends lOABE, lOBAE of the shorter branches 
lOAB, lOBA to form conductive loops of different lengths. 
As in the embodiment of FIG. 1, the ends of the antenna 
elements lie in a common plane, yielding a generally toroi- 
dal radiation pattern with nulls perpendicular to the plane. 
This antenna, lacking a balun, operates best when coupled to 
a balanced source or balanced load. 

A second alternative antenna, as shown in FIG. 7, has the 
same antenna element structure as the antenna of FIG. 6, 

35 including as it does semicircular elongate linking conductors 
32A, 32B extending around the core 12 at different longi- 
tudinal positions, but adds a conductive sleeve balun 20 
encircling a proximal portion of the core 12 and connected 
to the outer conductor of the feeder structure as in the 

40 antenna of FIG. 1. This allows conversion between balanced 
and single-ended lines, but with isolation between the link- 
ing conductors 32A, 32B being provided solely by their 
separation from each other and from the sleeve 20. 

Referring to FIG. 8, the third alternative antenna is 

45 similarly constructed to the second alternative antenna 
shown in FIG, 7, except that an additional conductive loop 
is provided by virtue of each elongate hehcal antenna 
element lOA, lOB having a divided portion with three 
branches lOAA, lOAB, lOAC, lOBA, lOBB, and lOBC. As 

50 before, each pair of branches is proximally connected 
together by a respective linking conductor extending around 
the core 12, but since there are three pairs of branches there 
are now three respective linking conductors 32A, 32B, 32C. 
These are located at different longitudinal positions so that 

55 the three conductive loops formed by the anterma elements 
and the hnking conductors are each of a different electrical 
length, thereby defining three resonant frequencies. As in the 
embodiment of FIG. 7, the conductive balun sleeve 20 is a 
continuous cylinder, the proximal end of which is connected 

go to the outer conductor of the feeder structure. 

The embodiment of FIG. 8 indicates that, depending on 
the area of the core and the width of the antenna elements, 
two or more conductive loops can be provided to achieve a 
required antenna bandwidth. The antenna clement ends still 

65 lie approximately in a common plane. 

Referring to FIG. 9, in a fourth ahernative coostmcdon, 
the continuous conductive balun sleeve 20 is used as the 
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linking conductor for one of the two branches of a dual 
conductive loop antenna. Thus, the pair of longer antenna 
element branches lOAA, lOBB is connected to the annular 
rim 20R of the sleeve 20 at approximately diametrically 
opposed positions. The pair of shorter branches, lOAB, 
lOBB has an elongate linking conductor 32B as in the 
embodiments of FIGS. 6 to 8, isolated from the sleeve 20. 
This combines the advantages of isolation between the 
linking conductors, the presence of a balun, and an overall 
length which is less than the second alternative embodiment 
described above with reference to FIG. 7. 
What is claimed is: 

1. A dielectric-loaded loop antenna for operation at fre- 
quencies above 200 MHz comprising an elongate dielectric 
core formed of a solid material having a relative dielectric 
constant greater than 5 and, on or adjacent the surface of the 
core, a three-dimensional antenna element structure includ- 
ing at least a pair of laterally opposed elongate antenna 
elements which extend between longitudinally spaced-apart 
positions on the core, and linking conductors extending 
aroimd the core to interconnect the elongate elements of the 
pair, the elongate elements of said pair having respective 
first ends coupled to a feed connection and linking conduc- 
tors extending around the core to interconnect the elongate 
elements of the pair, the elongate elements of said pair 
having respective first ends coupled to a feed connection and 
second ends coupled to the linking conductors, wherein for 
each pair of laterally opposed elongate antenna elements, 
said elongate elements and said linking conductors together 
form at least two looped conductive paths each extending 
from the feed connection to the location spaced lengthwise 
of the core from the feed connection, then around the core, 
and back to the feed connection, the electrical length of one 
of the two paths being greater than that of the other path at 
an operating frequency of the antenna. 

2. An antenna according to claim 1, having a single pair 
of laterally opposed elongate antenna elements, each of said 
elements being forked so as to have a divided portion which 
extends fi'om a location between said first and second ends 
to said second end. 

3. An antenna according to claim 2, wherein the divided 
portion of at least one of the antenna elements comprises 
branches of different electrical lengths. 

4. An antenna according to claim 3, wherein the electrical 
length of each branch is in the region of \J4 at the resonant 
frequency of the respective looped conductive path. 

5. An antenna according to claim 2, wherein, for each 
looped conductive path at its respective resonant frequency, 
the total electrical length formed by the divided portions and 
the respective linking conductor is in the region of 180**. 

6. An antenna according to claim 2, wherein each element 
of said pair is forked at a location corresponding to a voltage 
maximum at an operating frequency of the antenna. 

7. An antenna according to claim 1, having a plurality of 
part-annular linking conductors extending around the core, 
each said elongate antenna element extending between the 
feed connection and the linking conductors. 

8. An antenna according to claim 7, wherein said first and 
second ends of said elongate antenna elements lie generally 
in a common plane, and wherein said linking conductors 
define a first finking path extending around one side of the 
core substantially at a first longitudinal location and a 
second linking path extending around the other side of the 
core substantially at a different longitudinal location. 

9. An antenna according to claim 1, including a conduc- 
tive sleeve, and a feeder structure extending longitudinally 
through the core from a distal end of the core to a proximal 
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end thereof, the feeder structure providing the feed connec- 
tion at the core distal end and being coupled at the core 
proximal end to the conductive sleeve to form a ground 
connection for the sleeve. 
5 10. An antenna according to claim 9, wherein the elec- 
trical length of the sleeve is at least approximately equal to 
V4 at an operating frequency of the antenna wherein n is an 
odd number integer. 

11. An antenna according to claim 9, wherein the elongate 
10 antenna elements are coupled to a distal rim of the sleeve, 

which rim constitutes at least one of said linking conductors. 

12. An anterma according to claim 2, including a conduc- 
tive sleeve, and a feeder structure extending longitudinally 
through the core from a distal end of the core to a proximal 

IS end thereof, the feeder structure providing the feed connec- 
tion at the core distal end and being coupled at the core 
proximal end to the conductive sleeve to form a ground 
connection for the sleeve, wherein the elongate antenna 
elements are coupled to the sleeve, and wherein each of the 

20 divided portions of the antenna elements has branches one of 
which is connected to the distal rim of a first part of the 
sleeve to form a linking path around one side of the core and 
another of which is connected to the distal rim of a second 
part of the sleeve to form a linking path around the other side 

25 of the core, the first and second parts of the sleeve being 
separated from one another over at least part of their 
longitudinal extent by a pair of longitudinally extending slits 
in the conductive material of the sleeve. 

13. An antenna according to claim 12, wherein each slit 
30 has a short-circuit end and thereby has an electrical length 

which is at least approximately equal to one quarter of a 
wavelength at the said operating frequency. 

14. An antenna according to claim 13, wherein each slit is 
generally L-shaped. 

35 15. An antenna according to claim 14, wherein the short- 
circuited end portions of the slits are directed in opposite 
directions around the core. 

16. An antenna according to claim 12, wherein the distal 
rim of the first part of the sleeve extends around the core at 

40 one longitudinal location, and the distal rim of the second 
part of the sleeve extends aroimd the other side of the core 
at a different longitudinal location. 

17. An antenna according to claim 15, wherein the distal 
rim of the first part of the sleeve extends around the core at 

45 one longitudinal location, and the distal rim of the second 
part of the sleeve extends around the other side of the core 
at a different longitudinal location and wherein the short- 
circuited end portions of the slits are directed towards each 
other so as to cause a narrowing of the longitudinal con- 

50 ductive path formed by the said sleeve part which has its 
distal rim nearer the proximal end of the core. 

18. An antenna according to claim 2, wherein the core is 
substantially cylindrical and each said elongate antenna 
element is helical, executes p half turns around the core, 

55 where p is an integer, and is forked such that the respective 
divided portion has two parallel helical branches following 
substantially the same helical path as the undivided portion 
of the element. 

19. An antenna according to claim 18, further comprising 
60 a coaxial feeder stmcture passing through the core on its 

central axis from a proximal end to a distal end of the core, 
wherein the finking conductors are formed by a longitudi- 
nally spfit conductive sleeve connected to the outer conduc- 
tor of the feeder structure at the core proximal end and 
65 having a distal rim connected to branches of the elongate 
antenna elements, the feeder structure providing the said 
feed connection at the core distal end where the elongate 
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antenna elements are coupled respectively to the inner and 
outer feeder structure conductors. 

20. An antenna according to claim 19, wherein the aver- 
age axial electrical length of the sleeve is at least approxi- 
mately equal to X/4 of the centre of the opening frequency 
range. 

21. A dielectric-loaded loop antenna for operation at 
frequencies above 200 MHz comprising an elongate cylin- 
drical core having a relative dielectric constant greater than 
5, and an antenna element structure on the core outer surface 
comprising a pair of diametrically opposed elongate antenna 
elements and annularly arranged linking conduaors, the 
elongate elements extending from a feed connection at one 
end of the core to the linking conductors, wherein the 
elongate elements arc each bifurcated to define, in combi- 
nation with the linking conductors, two looped conductive 
paths of different lengths coupled to the feed connection and 
having different electrical resonant frequencies. 

22. An antenna according to claim 21, wherein the linking 
conductors are arranged to provide an isolated virtual 
ground for the bifurcated parts of the elongate elements, and 
the bifurcation of each elongate element is positioned such 
that the electrical lengths of the bifurcated parts produce a 
voltage to current transformation at the respective resonant 
frequencies of the loop. 

23. An antetma according to claim 21, wherein the ends of 
the elongate elements lie substantially in a common plane 
containing the core axis. 

24. A handheld radio communication unit having a radio 
transceiver, an integral earphone for directing sound energy 
from an inner face of the unit which, in use, is placed against 
the user's ear, and an antenna as claimed in claim 1, wherein 
the first and second ends of the elongate antenna elements lie 
generally in a common plane and the antenna is mounted in 
the unit such that the common plane lies generally parallel 
to the inner face of the unit so that a null in the radiation 
pattern exists in the direction of the user's head. 

25. A dielectric-loaded loop antenna for operation at 
frequencies above 200 MHz comprising an elongate dielec- 
tric core formed of a solid material having a relative dielec- 
tric constant greater than 5 and, on or adjacent the surface of 
the core, a three-dimensional antenna element structure 
including at least a pair of laterally opposed elongate 
antenna elements which extend between longitudinally 
spaced -apart positions on the core, and at least one linking 
conductor extending around the core to interconnect the said 
elements of the pair, the elongate elements having respective 
first ends coupled to a feed connection and second ends 
coupled to at least one said linking conductor, wherein the 
said elongate elements and the linking conductor or con- 
ductors together form at least two looped conductive paths 
each extending from the feed connection to a location 
spaced lengthwise of the core from the feed connection, then 
around the core, and back to the feed connection, the 
electrical length of one of the two paths being greater than 
that of the other path and extending around the core on the 
opposite side thereof from the other path, wherein said 
linking conductor comprises a conductive sleeve encircling 
the core, the elongate elements of said pair being connected 
at their respective second ends to a rim of the sleeve to 
provide first and second conductive linking paths between 
the elongate elements around respective opposite sides of 
the core, and wherein the rim is stepped such that the first 
linking path extends around one side of the core substan- 
tially at a first longitudinal location and the second linking 
path extends around the other side of the core substantially 
at a different, second longitudinal location. 
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26. An antenna according to claim 25, wherein said first 
and second ends of said elongate elements lie generally in a 
common plane. 

27. An antenna according to claim 26, including a feeder 
5 stmcture extending longitudinally through the core from a 

distal end of the core to a proximal end thereof, the feeder 
structure providing the feed connection to the core distal end 
and being coupled at the core proximal end to the conductive 
sleeve to form a ground coimection for the sleeve, wherein 
10 the electrical length of the sleeve is at least approximately 
equal to X/4 at an operating frequency of the antenna, where 
n is an odd number integer. 

28. A dielectric-loaded loop antenna for operation at 
frequencies above 200 MHz comprising a dielectric core 

15 having a central axis and formed of a solid material having 
a relative dielectric constant greater than 5 and, on or 
adjacent the surface of the core, a three-dimensional antenna 
element structure including first and second elongate parts 
which are laterally opposed with respect to each other and 

20 which each comprise at least two mutually adjacent and 
generally parallel elongate conductors extending between 
axially spaced-apart positions on the core, and linking 
conductors extending around the core to interconnect said 
elongate parts, said elongate parts having respective first 

25 ends coupled to a feed connection and second ends coupled 
to the linking conductors, wherein said first and second 
elongate parts and said linking conductors together form at 
least two looped conductive paths each extending from the 
feed connection to a location spaced lengthwise of the core 

30 from the feed connection, then around the core, and back to 
the feed connection, the electrical length of one of the two 
paths being greater than that of the other of the two paths at 
an operating frequency of the antenna. 

29. An anteima according to claim 2$, having a single pair 
35 of said laterally opposed elongated antenna element struc- 
ture parts, each of said elongate parts being forked so as to 
have a divided portion which extends from a location 
between said first and second ends to said second end and 
which is formed by said mutually adjacent conductors. 

40 30. An antenna according to claim 28, wherein the mutu- 
ally adjacent conductors of at least one of said elongate parts 
have different electrical lengths. 

31. An antenna according to claim 28, wherein said first 
and second ends of said elongate antenna element structure 

45 parts lie generally in a common plane. 

32. An antenna according to claim 28, including a con- 
ductive sleeve, and a feeder structure extending axially 
through the core from a distal end of the core to a proximal 
end thereof, the feeder stmcture providing the feed connec- 

50 tion at the core distal end and being coupled at the core 
proximal end to the conductive sleeve to form a ground 
connection for the sleeve. 

33. An antenna according to claim 32, wherein the elec- 
trical length of the sleeve is at least approximately equal to 

55 X/4 at a operating frequency of the antenna, wherein n is an 
odd number integer. 

34. An antenna according to claim 32, wherein the elon- 
gate antenna element structure parts are coupled to a distal 
rim of the sleeve, which rim constitutes at least one of said 

60 linking conductors. 

35. An antenna according to claim 28, including a con- 
ductive sleeve, and a feeder structure extending axially 
through the core from a distal end of the core to a proximal 
end thereof, the feeder stmcture providing the feed connec- 

65 tion at the core distal end and being coupled at the core 
proximal end to the conductive sleeve to form a ground 
connection for the sleeve, wherein the elongate antenna 
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elemeat structure parts are coupled to the sleeve, and 
wherein each of said parts has mutually adjacent generally 
parallel conductors one of which is connected to the distal 
rim of a first part of the sleeve to form a linking path around 
one side of the core and another of which is connected to the 
distal rim of a second part of the sleeve to form a linking 
path around the other side of the core, the first and second 
parts of the sleeve being separated from one another over at 
least part of their longitudinal extent by a pair of longitu- 
dinally extending slits in the conductive material of the 
sleeve. 

36. An antenna according to claim 28, wherein the core is 
substantially cylindrical and each side elongate antenna 
element structure part is helical, executes p half turns around 
the core, where p is an integer, and the mutually adjacent 
conductors of each said elongate part comprise parallel 
helical conductors. 

37. An antenna according to claim 36, further comprising 
a coaxial feeder structure passing through the core on its 
central axis from a proximal end to a distal end of the core, 
wherein the hnking conductors are formed by a longitudi- 
nally split conductive sleeve connected to the outer conduc- 
tor of the feeder structure at the core proximal end and 
having a distal rim connected to said mutually adjacent 
conductors, the feeder structure providing said feed connec- 
tion at the core distal end where the elongate antenna 
elements are coupled respectively to the inner and outer 
feeder stmcture conductors. 

38. An antenna according to claim 37, wherein the aver- 
age axial electrical length of the sleeve is at least approxi- 
mately equal to X/4 at the centre of the operating frequency 
range. 

39. A dielectric -loaded loop antenna for operation at 
frequencies above 200 MHz comprising a cylindrical core 
having a relative dielectric constant greater than 5, and an 
antenna element structure on the cylindrical outer surface of 
the core comprising a pair of diametrically opposed elongate 
conductor groups and an annular linking conductor 
arrangement, the elongate conductor groups extending firom 
a feed connection at one end of the core to the linking 
conductor arrangement, wherein the conductor groups each 
include at least two mutually adjacent and parallel 
conductors, the at least two mutually adjacent and parallel 
conductors of both elongate conductor groups being 
arranged in combination with the linking conductor arrange- 
ment to define at least two looped conductive paths of 
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different electrical lengths coupled to the feed connection 
and having different electrical resonant frequencies. 

40. An antenna according to claim 39, wherein the linking 
conductor arrangement is adapted to provide an isolated 
virtual ground for said mutually adjacent conductors. 

41. An antenna according to claim 39, wherein each of the 
conductor groups follows a respective helical path and has 
ends whidi lie substantially in a common plane containing 
the core axis. 

42. A handheld radio communication unit, the handheld 
radio communication unit comprising: 

a radio transceiver, 

an integral earphone for directing soimd energy from an 
inner face of the unit which, in use, is placed against an 
ear of a user; and 

an antenna comprising: 

a dielectric core having a central axis and formed of a 
solid material having a relative dielectric constant 
greater than 5 and, on or adjacent the surface of the 
core, a three-dimensional antenna element structure 
including first and second elongate parts which are 
laterally opposed with respect to each other and 
which each comprise at least two mutually adjacent 
and generally parallel elongate conductors extending 
between axially spaoed-apart positions on the core, 
and linking conductors extending around the core to 
interconnect said elongate parts, said elongate parts 
having respective first ends coupled to a feed con- 
nection and second ends coupled to the linking 
conductors, wherein said first and second elongate 
parts and said linking conductors together form at 
least two looped conductive paths each extending 
from the feed connection to a location spaced length- 
wise of the core fi-om the feed connection, then 
around the core, and back to the feed connection, the 
electrical length of one of the two paths being greater 
than that of the other path at an operating frequency 
of the antenna, and wherein the first and second ends 
of the elongate antenna element structure parts he 
generally in a common plane and the antenna is 
mounted in the unit such that the common plane lies 
generally parallel to the inner face of the unit so that 
a null in the radiation pattern exists in the direction 
of the user's head. 
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ABSTRACT 



An object of the present invention is to provide an antenna 
feeding circuit, which requires no balance-unbalance con- 
verter and has a simplified structure. 

The object is attained, by an antenna feeding circuit, accord- 
ing to the present invention, in which micro-strips lines are 
constituted from one or more pair(s) of band conductors (5(7, 
Sb) disposed on the outer surface of the cylindrical body (1) 
and an inner conductor (6) dii^osed on the whole of the 
inner surface of the cylindrical body (1). A 180 degree 
distributor (2) supplies electric power to the band conductors 
(5a, Sb) so that the phase difference between the currents in 
the band conductors (5a, 56) is 180 degrees. 

Inutile current induced in the inner surface of the inner 
conductor can be cancelled out, because the inner conductor 
6 is disposed on the whole of the inner surface of the 
cylindrical body (1). 

9 Claims, 8 Drawing Sheets 
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ANTENNA FEEDING CIRCUET unbalance converter (balun), such as used in Ihe prior art, 

„ and has a simple structure. 

BACKGROUND OF THE INVENTION -n, u / u *u . p ^ 

The objects are attained by the antenna feedmg circuit, 

1. Field of the invention according to the present invention, comprising: 

The present invention relates to an antenna feeding circuit 5 ^^^^ conductor disposed on the inner surface of a 

for an helical antenna, especially, a bifilar, quadrifilar and an cylindrical body; 

octifilar helical antenna, A bifilar helical antenna is a helical 3 ^and conductors disposed on the outer surface of 

antenna furnished with two filaments, a quadrifilar helical cylindrical body at a position symmetrical with 

antenna is a helical antenna furnished witb four filaments respect to the axis of the cylinder so as to be parallel 

and an octifilar helical antenna is a heHcal antenna furnished 10 longitudinal direction of the cylinder; 

with eight filaments. ^ ^g^, ^^^^^ distributor, connected to an end of each of 

2. Description of the prior art band conductors, for supplying electric power to 
Such an antenna feeding circuit is known, for example, each of the band conductors, so that the phase differ- 

from a "Vi turn volute with split sheath balun" shown in FIG. ence between the currents in the band conductors is 180 

6 in "Resonant Quadrifilar Helix Antenna" disclosed in degrees; and 

"Microwave Joumal", December, 1970, p49-53. g helical antenna, each element of the heUcal antenna 
FIG. 12 is a schematic perspective view of an antenna corresponds to one of the band conductor and is con- 
feeding circuit in the prior art, more specifically, it shows a nected to the other end of the band conductors. 
Va turn volute with split sheath balun disclosed in the article. In an embodiment of the antenna feeding circuit accord- 
In the figure, reference numerals 61, 62 denote, respectively, ing to the present invention, the band conductors comprise 
a first helical antenna element and a second helical antenna an impedance matching circuit. 

element. Reference numerals 63, 64 denote, respectively, a in an embodiment of the antenna feeding circuit accord- 
coaxial cable for feeding the helical anterma and a ing to the present invention, the band conductors comprise 
wavelength slit disposed on the outer conductor of the a capacitor element as an impedance matching circuit, 
coaxial cable 63. Reference numeral 65 denotes an imped- in an embodiment of the antenna feeding circuit accord- 
ance converter disposed on the inner conductor of the ing to the present invention, the band conductors comprise 
coaxial cable 63. Electric power is fed to the first and second a meander line as an impedance matching circuit, 
helical antenna elements 61, 62 from an electric power in an embodiment of the antenna feeding circuit accord- 
feeding point 66. ing to the present invention, the band conductors comprise 

Regarding the function, the first and second helical a short stub as an impedance matching circuit, 
antenna elements 61, 62 can be assumed to be balanced In an embodiment of the antenna feeding circuit accord- 
lines, similar to a pair of parallel two lines. When unbal- ing to the present invention, the 180 degree distributor 
anced lines, for example, such as a coaxial cable, are comprises: 

connected to a helical anterma, a balance-unbalance con- 35 a T-branchiog circuit having an input terminal and a pair 

verter is required between the helical antenna elements 61, of output terminals, which are T-branched from the 

62 and the coaxial cable. Therefore, a balun, constituted by input terminal; and 

the coaxial cable 63, the Vi wavelength slit 64 and the ^ delay line connected to either of the output terminals, 
impedance converter 65, is disposed as a balance-unbalance ^he electric length of the delay line is identical to a half 
converter. Another function of this balun is to cancel out an 40 of the wavelength at the frequency in use. 
inutile current, which appears when a balanced line is iq an embodiment of the antenna feeding circuit accord- 
connected to an unbalanced line. ing to the present invention, the 180 degree distributor 

Japanese Patent Application 63 -30006 -A discloses comprises: a T-branching circuit comprising a first micro- 

another antenna feeding circuit, which comprises a Va wave- strips line as an input terminal and a second and third 

length slit disposed on the outer conductor of a coaxial 45 micro-strips lines as output terminals, which are T-branched 

cable. The antenna comprises two sets of antenna elements, from the first micro-strips line; and a slot disposed on the 

having an equal pitch angle, and each set of antenna ele- substrate of the T-branching circuit so as to be perpendicular 

ments is connected to one of two connecting portions of a to the first miao-strips line, the length of the slot is 

connecting piece. The stmcture of this antenna feeding substantially a half of the wavelength of the frequency in 

circuit facilitates the assembling of the antenna, and 50 use; wherein the first micro-strips hne is grounded to the 

improves the preciseness of dimensions of the components substrate at a point in the opposite side to the input side of 

of the antenna feeding circuit. the first micro-strips line with respect to the slot; the second 

The antenna feeding circuits in the prior arts have fol- micro-strips line is disposed at the same side to the input side 

lowing drawbacks due to such structures: of the first micro-strips line and is grounded to the substrate 

Abalxm is of a rather long dimension, i.e., Vi wavelength, 55 at a point in the opposite side to the input side of the first 

in the longitudinal direction of an antenna; micro-strips line with respect to the slot; the third micru- 

The structure is rather complicated, as for example, when strips line is disposed at the opposite side to the input side 

a coaxial structure of the antenna portion and the feeding of the first micro-strips line and is grounded to the substrate 

circuit portion is employed to shorten the total length of the at a point in the same side to the input side of the first 

system including the length of the antenna portion. 60 micro-strips line with respect to the slot. 

oTTK^i^^ A r^,^ T1. T antcnua feeding circuit according to an embodiment 

SUMMARY OF THE INVENTION p^^„j .^^J.^^ ^„ j^,^, 

An object of the present invention is to propose an disposed on Ihe inner surface of a cylindrical body; first and 

antenna feeding circuit, which can eliminate such drawbacks second pairs of band conductors disposed on the outer 

in the prior art. 65 surface of the cylindrical body at a position symmetrical 

Another object of the present invention is to propose an with respect to the axis of the cylinder so as to be parallel 

antenna feeding circuit, which requires no balance- with the longitudinal direction of the cylinder; first and 



04/13/2001, EAST Version: 1.02.0008 



us 6,2( 

3 

second 180 degree distributors connected to an end of a band 
conductor in each pair of the band conductors, for supplying 
electric powers to each of the band conductors, so that the 
phase difference between the currents in the band conductors 
in each group of the band conductors is 180 degrees; a 90 
degree distributor connected to the first and second 180 
degree distributor, for supplying electric power to each of 
the first and second 180 degree distributors so that the phase 
difference between the input electric power to the first and 
second 180 degree distributors is 90 degrees; and a quadrifi- 
lar helical antenna, each element of the quadrifilar hehcal 
antenna corresponds to one of the band conductor and is 
connected to the other end of the band conductor. 

The antenna feeding circuit according to an embodiment 
of the present invention comprises: an inner conductor 
disposed on the inner surface of a cylindrical body; first to 
fourth pairs of band conductors disposed on the outer 
surface of the cylindrical body at a position symmetrical 
with respect to the axis of the cylinder so as to be parallel 
with the longitudinal direction of the cylinder, first to fourth 
180 degree distributors, connected to an end of a band 
conductor in each pair of the band conductors, for supplying 
electric power to each of the band conductors, so that the 
phase difference between the currents in the band conductors 
in each pair of the band conductors is ISO degrees; a first 90 
degree distributor connected to the first and third 180 degree 
distributor, for supplying electric power to each of the first 
and third 180 degree distributors so that the phase difference 
between the input electric power to the first and third 180 
degree disUibutors is 90 degrees; a second 90 degree dis- 
tributor connected to the second and fourth 180 degree 
distributor, for supplying electric power to each of the 
second and fourth 180 degree distributors so that the phase 
difference between the input electric power to the second 
and fourth 180 degree distributors is 90 degree^ and an 
octifilar helical antenna comprised of two sets of quadrifilar 
helical antenna, elements in each set of quadrifilar helical 
antenna are connected to the other end of a band conductor 
in the first to fourth pair of the band conductors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an antenna feeding circuit 
according to the first embodiment of the present invention. 

FIG. 2 is a cross-sectional view of a cylindrical body in 
an antenna feeding circuit according to the first embodiment 
of the present invention, showing the directions of currents 
flowing in band conductors. 

FIG. 3 shows the directions of currents flowing in a band 
conductor according to the first embodiment and a hehcal 
antenna connected with the band conductor. 

FIG. 4 is a cross-sectional view of a cylindrical body in 
an antenna feeding circuit according to the first embodiment 
of the present invention, showing the directions of currents 
flowing in the band conductors and in the inner conductor, 
when a helical antenna is connected to the band conductor. 

FIG. 5 is a schematic view of an antenna feeding circuit 
according to the second embodiment of the present inven- 
tion. 

FIG. 6 is a schematic view of an antenna feeding circuit 
according to the third embodiment of the present invention. 

FIG. 7 is a schematic view of an antenna feeding circuit 
according to the fourth embodiment of the present invention. 

FIG. 8 is a schematic view of a 180 degree distribution 
circuit in an antenna feeding circuit according to the fifth 
embodiment of the present invention. 

FIG. 9 is a schematic view of a 180 degree distribution 
circuit in an antenna feeding circuit according to the sixth 
embodiment of the present invention. 
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FIG. 10 is a schematic view of an antenna feeding circuit 
according to the seventh embodiment of the present inven- 
tion. 

FIG. 11 is a schematic view of an antenna feeding circuit 
^ according to the eighth embodiment of the present inven- 
tion. 

FIG. 12 is a schematic view of an antenna feeding circuit 
in the prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Embodiments of the present invention are explained 
below. 

EMBODIMENT 1 

FIG. 1 is a schematic view of an antenna feeding circuit 
according to the first embodiment of the present invention. 
Reference numeral 1 denotes an electrically insulating cylin- 
20 drical body. A pair of band conductors 5a, Sb are disposed 
on the outer surface of the cylindrical body 1 at positions 
symmetrical with respect to the axis of the cylinder so as to 
be parallel with the longitudinal direction of the cylinder. 
The whole of the inner surface of the cylindrical body 1 is 
25 covered with an inner conductor 6. The band conductors 5a, 
Sb^ the cylindrical body 1 and the inner conductor 6 form 
micro-strips lines. 

A 180 degree distributor 2 is connected to an end of each 
band conductors 2, which supplies electric power to the band 
conductors Sa, Sb, so that the phase difference between the 
currents supplied to the band conductors is 180 degrees. A 
bifilar helical antenna 3 is connected to the other end of the 
band conductors 5a, 5^. Reference numeral 4 denotes a 
wireless device, which provides electric power to the ISO 
degree distributor 2. 

The function of the anteima feeding circuit according to 
the first embodiment of the present invention is explained 
below. 

4Q FIG. 2 is a cross-sectional view of a cylindrical body in 
an antenna feeding circuit according to the first embodiment 
of the present invention, showing the directions of currents 
flowing in band conductors. 
The 180 degree distributor 2 supplies electric power to the 

45 band conductors Sa, Sb, so that a phase difference between 
the currents in the band conductors is 180 degrees. 
Therefore, the directions of the current 7a, 7b flowing in the 
band conductors Sa, Sb are inverse to each other. Each 
current 7a, 7b induces currents 8a, Sb on the outer surface 

50 of the inner conductor 6 at a position conesponding to each 
of the band conductors 5a, Sb, because they form micro- 
strips lines. The directions of the induced current 8a, Sb are 
inverse to each other. The induced currents Sa, Sb flow in the 
inner conductor 6 covering the inner surface of the cylin- 

55 drical body, so that the directions of the induced current 8a, 
Sb are inverse to each other. 

FIG. 3 shows the directions of currents flowing in a band 
conductor according to the first embodiment and a helical 
antenna connected with the bane conductor. Hie current 7a 

60 flowing in the band conductor 5a flows into one of the bifilar 
antenna elements 3, as an antenna current 9. However, the 
induced current Sa flowing on the outer surface of the inner 
conductor 6 corresponding to the current 7a in the band 
conductor 5a induces an inverse inutile current 10a on the 

65 inner surface of the inner conductor 6. Similarly, the cunrent 
7b (not shown) flowing in the band conductor 5b induces an 
inutile current 10b (not shown) on the inner surface of the 
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inner conductor 6 at a corresponding portion. When these 
inutile currents flow into the 180 degree distributor 2 and to 
the wireless device 4, the functions of antenna system will 
be influenced by these inutile currents, and an inutile elec- 
tromagnetic wave will be emitted. 

FIG. 4 is a cross-sectional view of a cylindrical body 1 in 
an antenna feeding circuit according to the first embodiment 
of the present invention, showing the directions of currents 
flowing in the band conductors 5a, 5b and in the inner 
conductor 6, when a helical antenna 3 is connected to the 
band conductor Sa, Sb, It can be seen from the figure that the 
directions of the inutile currents lOtf, Wb, which respec- 
tively corresponding to the band conductors 5a, 5^, are 
inverse to each other. However they are cancelled out by 
each other, because they are connected to each other by the 
inner conductor 6 disposed on the whole of the inner surface 
of the cylindrical body 1. Therefore the antenna system is 
not influenced by the inutile currents 10, 10b. As a resuh, it 
is not necessary to use a balanced-unbalanced converter, i.e., 
a balun, which is used in such an antenna system in the prior 
art. 

As explained above, according to the first embodiment, a 
pair of band conductors 5a, 56 disposed on the outer surface 
of the cylindrical body 1 and the inner conductor 6 disposed 
on the whole of the inner surface of the cylindrical body 1 
form micro-strips lines respectively, and a 180 degree dis- 
tributor 2 supplies electric power to the pair of the band 
conductor 5a, Sb, The induced inutile currents in the inner 
conductor are cancelled out by each other, because the inner 
conductor is disposed on the whole of the inner surface of 
the cylindrical body. As a result, a balance -unbalance 
converter, a balim, is not necessary, and the structure of the 
antenna feeding circuit can be simplified. 

EMBODIMENT 2 

FIG. 5 is a schematic view of an antenna feeding circuit 
according to the second embodiment of the present inven- 
tion. In this embodiment, a chip capacitor 11a, lib as a 
capacitor element is connected to each of the band conduc- 
tors 5a, Sb. The capacitor element is not limited to a chip 
element Ua, 116, and can be replaced by any other capacitor 
element. Components in the figure identical to those in the 
first embodiment shown in FIG. 1 are referred to the same 
reference numerals. 

Hie function of the antenna feeding circuit according to 
the second embodiment of the present invention is explained 
below. 

Hie band conductor 5a, 56 and the inner conductor 6 
disposed on the whole of the inner surface of the cylindrical 
body 1 form micro-strips lines, respectively, so that the 
inutile currents in the inner conductor are cancelled out by 
each other in like maimer as in the first embodiment. 
Furthermore the impedance matching between the band 
conductors 5a, 56 and the bifilar helical antenna element 3 
is carried out by the chip capacitors 11a, 116 connected to 
the band conductors 5a, 56. 

According to the second embodiment, advantages can be 
obtained in that the structure of the antenna feeding circuit 
can be simplified; and that electric power can be effectively 
supplied to the bifilar antenna elements 3, using chip capaci- 
tors 11a, 116 as impedance matching elements, so that the 
eflSciency of Ihe electromagnetic wave radiation can be 
improved. 

EMBODIMENT 3 

FIG. 6 is a schematic view of an antenna feeding circuit 
according to the third embodiment of the present invention. 



14,827 Bl 

6 

In this embodiment, meander lines 12a, 126 are connected 
respectively to the band conductors 5a, 56. Components in 
the figure identical to those in the first embodiment shown 
in FIG. 1 are referred to the same reference numerals, 
s The function of the antenna feeding circuit according to 
the third embodiment of the present invention is explained 
below. 

The band conductors 5a, 56 and the inner conductor 6 
disposed at the whole of the inner surface of the cylindrical 

10 body 1 form micro-strips lines, respectively, so that the 
inutile currents in the inner conductor are cancelled out to 
each other in like maimer as in the first embodiment. 
Furthermore the impedance matching between the band 
conductors 5a, 56 and the bifilar helical antenna element 3 

IS are carried out by the meander lines 12a, 126 connected to 
the band conductors 5a, 56. 

As explained, according to the third embodiment, advan- 
tages can be obtained in that the stmcture of the antenna 
feeding circuit can be simplified; and that electric power can 

20 be effectively supplied to the bifilar antenna elements 3, 
using meander Lines 12a, 126 as impedance matching 
elements, so that the efficiency of the electromagnetic wave 
radiation can be improved. 

^5 EMBODIMENT 4 

FIG. 7 is a schematic view of an antenna feeding circtiit 
according to the fourth embodiment of the present invention. 
In this embodiment, short stubs 13a, 136 are connected to 
the band conductors 5a, 56. Components in the figure 
30 identical to those in the first embodiment shown in FIG. 1 
are refened to the same reference numerals. 

The function of the antenna feeding circuit according to 
the fourth embodiment of the present invention is explained 
below. 

35 The band conductor 5a, 56 and the iimer conductor 6 
disposed at the whole of the inner surface of the cylindrical 
body 1 form micro-strips lines, so that the inutile currents in 
the inner conductor are cancelled out to each other in like 
manner as in the first embodiment. Furthermore the imped- 

40 ance matching between the band conductors 5a, 56 and the 
bifilar helical antenna element 3 are carried out by the short 
stubs 13a, 136 connected to each of the band conductors 5a, 
56. 

According to the fourth embodiment, advantages can be 
45 obtained in that the stmcture of the anteima feeding circuit 
can be simplified; and that electric power can be effectively 
supplied to the bifilar antenna elements 3, using short stubs 
13a, 136 as impedance matching elements, so that the 
efficiency of the electromagnetic wave radiation can be 
50 improved. 

EMBODIMENT 5 

FIG. 8 is a schematic view of a 180 degree distribution 
circuit in an antenna feeding circuit according to the fifth 

55 embodiment of the present invention. In the figure, reference 
numerals 21, 22a, 23a denote, respectively, an input termi- 
nal of a T-branching circuit constituted from a micro-strips 
line, an output terminal of the T-branching circuit and 
another output terminal of the T-branching circuit. Refer- 

60 ence numeral 24 denotes a delay micro-strips line for phase 
delay of 180 degrees at the using frequency, which is half of 
the characteristic electric length at the using frequency. 
Reference numerals 226, 236 denote respectively micro - 
strips lines. 

65 The function of the antenna feeding circuit according to 
the fifth embodiment of the present invention is explained 
below. 
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The elearic power inputted from the input terminal 21 is cylindrical body. Four band conductors Sa, 56, 5c, 5d are 

distributed to the output terminals 22^, 23a at an equal disposed equidistantly on the outer surface of the cylindrical 

amplitude and an equal phase. The phase of the current body 1 at positions symmetrical with respect to the axis of 

distributed to the output terminal 23a delays at 180 degrees the cylinder so as to be parallel with the longitudinal 

due to the delay micro-strips line 24, As a result, a phase 5 direction of the cylinder. The band conductors are grouped 

difference of 180 degrees appears between the outputs from into two pairs 5a, 5c and 5b^ 5c/. The whole of the inner 

the micro-strips line 22b, 236. surface of the cylindrical body 1 is covered with an inner 

According to the fifth embodiment, the structure of the conductor 6. The band conductors 5a, 56, 5c, Sd, the 

antenna feeding circuit can be simplified. cylindrical body 1 and the inner conductor 6 form micro- 

10 strips lines. 

EMBODIMENT 6 A first 180 degree distributors 2a is connected to an end 

™^ „. , ... t ^or, A u ofbandconductors5fl, 5c, so as to supply electric power to 

FIG. 9 is a schematic view of a 180 degree distnbution i_ r *i_ u j j. * e * .t. * .tf u 

- J. ... ? * *u * each of the band conductors 5a, 5c, so that the phase 

circuit m an antenna feedmg circuit according to the sixth ^ „ - *u • lo/^ j * 

o«K^™-«t «P »!, -<.-«f A T difference of the currents flowing m them is 180 degrees. A 

embodiment ot the present mvention. A l-brancnmg circuit j^onj • 

* X, • * • 1- 11 1? A c . second 180 degree distributors 26 IS connected to an end of 

IS constituted from three micro-stnps hues 31, 32, 33. A first ^onducto^ 56, 5rf, so as to supply electric power to the 

micro-stnis Ime 31 is the mput temimal of a T-branching conductors 56, 5d, so that the phase difference of the 

circuit. Reference numeral 35 denotes a slot disposed in the fl™„:«„ ;„ »t!o™ i on a 

L ^ , • . • I- X i_ J* 1 current flowmg in them is 180 degrees. A quadrmlar hehcal 

substrate of the micro-stnps Imes so as to be perpendicular _ ^ ^^*^a 

, ^. ^ . ^ ^ I *L j: *L 1 ^ -^e • antenna 41 is coimected to the other end of the band 

to the micro-strips hne 31. The length of the slot 35 is on j * e bl s a fxn j j- * -u * a"* 

i_ . 11 L i/ r .t. 1 _^i_ f.t. - ^ ^" conductors Sa, Sb, Sc. Sa. A 90 degree distributor 42 

substantially half of the wavelength at the usmg frequency, i • \ t. c n ^ j j ion 

1 u ic r *t- 1 * • I *!. . • £- suppues electric power to each of the first and second 180 

namely, half of the electnc length at the using frequency. , j* . u * *i_ * l a a 

xi. *t. .u u u 1 i5 .u u • * ni * . degree distributors 2a, 26 so that the phase difference 

There are three through-holes 34 on the substrate. The first , r *t. * • *l c * j j ^ o a j 

1- • J J . .1- 1- . * *i. 1- between the currents in the first and second 180 degree 

micro-stnps hne 31 is grounded to the subsu*ate through a -nnj-^ nr ^ „ \ a a * 

t_ . T i-' L • ^- -1 * • * 1- .1. ^ . distnbutors is 90 degrees. Reference numeral 4 denotes a 

through-hole 34, which IS disposed at a pomt where the first -,ir - , , . u j i • *u rvi 

• . • 1- * . J I . . .L wireless device, which provides electnc power to the 90 

micro-stnps hne 31 lust crossed over the slot 35 to the , j- * * 

Vj J degree distributor 42. 

opposite side. °^ 

™ , j*.i. The function of the antenna feedmg circuit accordmg to 

The second micro-stnps line 32 is disposed at the same ^, , * r *l * • *• • 

. . . • 1- J • J J . .1. the seventh embodiment of the present mvention is 

side as the first micro-stnps hne 31 and is grounded to the ^ lained below 

substrate through another through-hole 34, which is dis- 30 . . 

posed at a point where the second micro-strips line 32 just ^^"^ ^ conductors 5a, 56, 5c, Sd disposed on the outer 

crossed over the slot 35 to the opposite side. ^^^^^ °f ^« cyhndncal body and the inner conductor 6 

^ , . , , disposed on the inner surface of the cylindrical body 6 form 

The third niic«>-stnps Ime 33 ^ disposed at the opposite „icro-strips lines. Four band conductors 5a. 5*. 5c, Sd 

side to toe first m^ro-s^ips hne 31 with respect to the slot ^ 5 5^ 5^ ^^^^ 

35 and IS grounded to the substrate through a through-hole 35 ^^^^ ^ configured at opposite posi- 

34. which IS disposed at a point where the thud micjo-stnps ^^^^ ^ ^^^^ „j cyhndncal body. The former 

hne 33 just crossed over the slot 33 to the same side as the 5^ 5^ connected to the first 180 degree distributor 

fitstmicro-stnphne31.lliefiinctionoftheaDtennafeed.ng ^a, the later group 3b, Sd are comiected to the second 180 

circuit accordmg to the sixth embodiment of the present ^ distributors. The other ends of the band conductors 

mvention is explained below. 40 ^^^^^^ comiected respectively to a corresponding 

The electric power inputted from the micro-strips line 31 element of the quadrifilar antenna 41. 

propagates along the mioo^trips line 31 and induces an g^^^^ ^^^^ ^j^^ ^and conductors Sa, 5c; Sb. Sd 

electric field m the slot 35. The mduoed electnc field m the connected respectively with the first and second 180 

slot 35, m turn, induces electnc fields in the second and third ^ distributors 2a, 2b, the inutile current induced in the 

micro-stnps Imes 32, 33. The coupled field m the second ^^^^ „f conductor 6 can be cancelled out, 

micro-stnps Ime 32 propagates m the equal phase as that of ^ ^ ^^^^ ^ j„ embodiment. 

the first micro-strips line 31, because the first and second .u j-uc « .,. • . • . • 

„• „ .-^ „ .1.. „„-.k Furthermore, the phase difference of the mput signals to 

micro-stnps hnes 31, 32 are disposed at the same side with c . . I -.or, j j' . -u . ■* 'tC- 

^« „„j I.,., .k. »« .1,. o»™^ •be first and second 180 degree distnbutors 2a, 26 is 90 

respect to the slot 35 and cross over the slot 35 in the same , -r.. <? .u 1. * .u . • .1. • u 

direction '° degrees. Therefore the phases of the currents in the neigh- 

. . boring band conductors Sa, 56, 5c, 5d coimected to the first 

On the other hand, because the first and third micro-stnps 55^0^^ degree distributors 2a, 26 differ by 90 

Unes 31, » are deposed at the opposite ade with respect to j ^s in a cyclic manner. And, the phases of the currents 

the slot 35, and they cross over the slot 35 m the opposite jhe neighboring antenna elements in the quadrifilar 

directions, the phase of the coupled electnc field m the third 41 connected to the band conductors differ by 90 

micro-strips line 33 is inverse to the exiting field in the first degrees in a cyclic manner. 

micro-strips line 31. As a result, electric fields propagating . , • j j- . .1. .u 1. j- . u j 

• .V J j.u-j • 1- 1-1 11 1. i. As explained, according to the seventh embodiment, band 

in the second and third micro-stnps mes 32, 33 have a phase ^ .1. . r c.u 

difference of 180 degrees to each other. Coasequentl?, the conductors 5a 56,5c 5d deposed on the outer s 

^ortj J- . -u * cylindrical body 1 and the inner conductor 6 disposed on the 

system as a whole functions as a 180 degree distnbutor. u i f *i. • c <• ♦u r j • i u ^ i p 
^ ^60 whole of the inner surface of the cyhndncal body 1 form 

Accordmg to the sixth embodiment, the stnicture of the micro-strips lines, and two 180 degree distributors 2a, 26 

antenna feeding circuit can be simphfied. suppHes electric power to the each group of band conductors 

5a, 5c; 56, Sd so that the phase difference between the 

currents in the band conductors in each group is 90 degrees. 

FIG. 10 is a schematic view of an antenna feeding circuit 65 And the induced inutile currents in the inner surface of the 

according to the seventh embodiment of the present inven- inner conductor 6 can be cancelled out, because the inner 

tion. Reference numeral 1 denotes an electrically insulating conductor 6 is disposed on the whole of the inler surface of 
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the cylindrical body 1. As a result, it is not necessary to use distributor 2c and the fourth group is connected to the fourth 

a balance -unbalance converter, i.e., a balun. And the struc- 180 degree distributor 2eL 

ture of the antenna feeding circuit can be simplified. The other ends of each of the band conductors 5fl, 56, 5c, 

Furthermore, antenna feeding circuits for many antenna 5rf, 5/, 5g, 5^ are connected to an element of the octifilar 
elements can be unified, when the outer surface of the 5 antenna 51, respectively. 

cylindrical body are partitioned cquidistanlly for the band Because each group of the band conductors Sa, 5c; Sb, Sf; 

conductors. 5g. 5;, connected with the first to fourth 180 

EMBODIMENT 8 degree distributors 2fl, 2b, 2c, 2d, the inutile current induced 

in the inner surface of the inner conductor 6 can be cancelled 

FIG. 11 is a schematic view of an antenna feeding circuit out, in like manner as in the first embodiment, 

according to the eighth embodiment of the present inven- Furthermore, the phase difference of the input signals 

tion. Reference numeral 1 denotes an electrically insulating from the first 90 degree distributor 42a to the first and third 

cylindrical body. Eight band conductors 5a, 5b, 5c, 3d, 3e, 180 degree distributors 2a, 2c is 90 degrees. Therefore, the 

5/, 5g, 5h are disposed equidtstantly on the outer surface of phase difference between the current in the band conductor 

the cylindrical body 1 at positions symmetrical with respect 5a connected with the first 180 degree distributor 2a and the 

to the axis of the cylinder so as to be parallel with the current in the band conductor Sc connected with the third 

longitudinal direction of the cylinder. The band conductors 180 degree distributor 2c is 90 degrees. Similarly, the phase 

are grouped into four pairs 5a, 5e; 5f), 5/; 5c, 5g; and Sd, Sh. difference between the input signals to the second and fourth 

The whole of the inner surface of the cylindrical body 1 is 180 degree distributors 2b, 2d firom the second 90 degree 

covered with an inner conductor 6. Each of the band distributor 42fr is 90 degrees. Therefore, the phase difference 

conductors Sa, 5b, Sc, Sd, Se, Sf, 5g, Sh, the cylindrical body between the current in the band conductor Sb connected with 

1 and the inner conductor 6 form a micro-strips line. the second 180 degree distributor 2b and the current in the 

A first 180 degree distributor 2a is connected to an end of band conductor Sd connected with the fourth 180 degree 

band conductors 5a, Se, so as to supply electric powers to distributor 2d is 90 degrees. 

each of the band conductors 5fl, 5c, so that the phase Therefore, the phases of the currents in each two band 

difference of the currents in the band conductors is 180 conductors Sa, 5c, 5c, 5g; Sb, Sd, Sf, Sh in the octifilar 

degrees. A second 180 degree distributor 2b is connected to antenna 51 differ by 90 degrees in a cyclic manner. As a 

an end of band conductors Sb, 5/, so as to supply electric result, the octifilar antenna 51 functions as two sets of 

powers to the band conductors 5b, Sf, so that the phase quadrifilar antenna comprising each two elements in the 

difference of the currents in the band conductors is 180 octifilar antenna. 

degrees. A third 180 degree distributor 2c is connected to an According to the eighth embodiment, band conductors Sa, 

end of band conductors 5c. 5g, so as to supply electric power sb, Sc, Sd, 5c, Sf, 5g, 5h disposed on the outer surface of the 

to each of the band conductors 5c, Sg, so that the phase cylindrical body 1 and the inner conductor 6 disposed on the 

difference of the currents in the band conductors is 180 whole of the inner surface of the cylindrical body 1 form 

degrees. A fourth 180 degree distributor 2d is connected to micro-strips lines, and first to fourth 180 degree distributors 

an end of band conductors Sd, Sh, so as to supply electric 2a, 2b, 2c, 2d supply electric power to each group of band 

power to the band conductors Sd, Sh, so that the phase conductors 5a, 5c; 56, 5/, 5c, Sg; Sd, Sh so that the phase 

difference of the currents in the band conductors is 180 difference between the currents in the band conductors in 
degrees. ^ each group is 180 degrees. And the induced inutile currents 

An octifilar helical antenna 51 is connected to the other at the inner surface of the inner conductor 6 can be cancelled 

end of the band conductors Sa, 5b, Sc, Sd, Se, Sf, Sg, Sh, A out, because the iimer conductor 6 is disposed on the whole 

first 90 degree distributor 42a supplies electric power to of the inner surface of the cylindrical body 1. As a result, it 

each of the first and third 180 degree distributors 2a, 2c so is not necessary to use a balance -unbalance converter, i.e., a 
that the phase difference between the currents in them is 90 45 balun. And the structure of the anterma feeding circuit can be 

degrees. A second 90 degree distributor 42b supplies electric simplified. Furthermore, antenna feeding circuits for many 

power to each of the second and fourth 180 degree distribu- antenna elements can be unified, when the outer surface of 

tors 2b, 2d so that the phase difference between the currents the cylindrical body are partitioned equidistantly. 

in them is 90 degrees. Reference numeral 4a denotes a first „ „ ^ 

wiiel6ssdevice,whichprovides6lcctricpowertothefirst90 50 ADVANTAGES OF THE PRESENT INVENTION 

degree distributor 42a. Reference numeral 4b denotes a According to the present invention, the inner conductor 

second wireless device, which provides electric power to the and a pair of band conductors disposed on the outer surface 

second 90 degree distributor 42b. of the cylindrical body form micro -strips lines. And inutile 

The function of the anterma feeding circuit according to currents induced in the inner surface of the inner conductor 
the eighth embodiment of the present invention is explained 55 can be cancelled out, because the inner conductor is dis- 

below. posed on the whole of inner surface of the cylindrical body, 

Eight band conductors 5a, 5b, Sc, Sd, Se, Sf, Sg, Sh so that no balance-unbalanced converter, a balun, is neces- 

disposed on the outer surface of the cylindrical body and the ^ary. That is to say, the structure of an antenna feeding circuit 

inner conductor 6 disposed on the inner siuface of the ^an be simplified. 

cylindrical body 6 form eight micro-strips lines. Eight band 60 !□ an embodiment of the present invention, an impedance 

conductors 5a, Sb, Sc, Sd, Se, Sf, Sg, Sh are grouped into four matching circuit is disposed at the joint portion between the 

groups Sa, Se; Sb, Sf; Sc, 5g; Sd, Sh. The band conductors in helical antenna and the antenna feeding circuit, therefore, 

each group is configured at opposite positions on the outer electric power can be effectively supplied to the helical 

surface of the cylindrical body. The first group 5a, Se is antenna so that the efficiency of the electromagnetic radia- 
connected to the first 180 degree distributor 2a, the second 65 tion can be improved. 

group 5b, 5/ is connected to the second 180 degree distribu- In an embodiment of the present invention, a plurality of 

tor 2b, the third group is connected to the third 180 degree pairs of band conductors are disposed on the outer surface of 
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the cylindrical body, so that a plurality of antenna feeding 
circuits for multi-element helical antenna can be unified. 

The antenna feeding circuit according to the present 
invention can be employed in feeding a helical antenna. 

What is claimed is: 

1. An antenna feeding circuit comprising: 
a cylindrical body; 

said cylindrical body having an inner and an outer 
surface; 

an inner conductor disposed on the inner surface of the 
cylindrical body; 

one or more pairs of electrically conductive bands 
disposed on the outer surface of the cylindrical body 
at a position symmetrical with respect to the axis of 
the cylindrical body so as to be parallel with the 
longitudinal direction of the cylindrical body, 
wherein each of electrically conductive bands has a 
first end and a second end for connecting an antenna 
element of a helical antenna; 

one or more 180 degree distributors, connected to the 
first end of each of the band conductors, for supply- 
ing electric current to each of the band conductors 
through the first end, so that the phase difference 
between the electric currents in the band conductors 
is 180 degrees; 

wherein each of the electrically conductive bands 
induce an inverse inutile current in the inner con- 
ductor. 

2. An antenna feeding circuit according to claim 1, 
wherein an impedance matching circuit is connected to the 
band conductor. 

3. An antenna feeding circuit according to claim 2, 
wherein the impedance matching circuit is a capacitor 
element. 

4. An antenna feeding circuit according to claim 2, 
wherein the impedance matching circuit is a meander line. 

5. An antenna feeding circuit according to claim 2, 
wherein the impedance matching circuit is a short stub. 

6. An antenna feeding circuit according to claim 1, 
wherein the 180 degree distributor comprises: 

a T-branching circuit having an input terminal and a pair 

of output terminals, which are T-branched from the 

input terminal; and 
a delay line connected to either of the output terminals, 

the length of the delay line being equal to a half of the 

wavelength of a frequency in use. 

7. An antenna feeding circuit according to claim 1, 
wherein the ISO degree distributor comprises: 

a T-branching circuit comprising: 

a first micro-strips line having an input terminal; 

second and third micro-strips lines each having an 
output terminal, which are T-brancbed from the first 
micro-strips line; 

a slot disposed on the substrate of the T-branching 
circuit so as to be perpendicular to the first micro- 
strips line, the length of the slot being substantially 
equal to half of the wavelength of a frequency in use; 

wherein the first micro^trips line is grounded at a point 
on a side opposite to the input terminal of the first 
micro-strips line with respect to the slot; 

the second micro-strips line is disposed on the same 
side as the input terminal of the first micro-strips line 
and is grounded at a point on the side opposite to the 
input terminal of the first micro-strips line with 
respect to the slot; 

the third micro-strips line is disposed on the side 
opposite to the input terminal of the first micro-strips 
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line and is grounded at a point on the same side as the 
input terminal of the first micro-strips line with 
respect to the slot. 

8. An antenna feeding circuit according to claim 1, 
^ wherein said pair of electrically conductive bands is com- 
prised of a first and second pair of electrically conductive 
bands; 

said 180 degree distributor is comprised of a first 180 
degree distributor for supplying electric current to the 
first pair of electrically conductive bands so that phase 
difference between the electric currents supplied to the 
first pair of electrically conductive bands is 180 
degrees; 

IS a second 180 degree distributor for supplying electric 
current to the second pair of electrically conductive 
bands so that phase difference between the electric 
currents supplied to the second pair of electrically 
conductive bands is 180 degrees; 

20 

said first and second 180 degree distributors are connected 
to a 90 degree distributor, which supplies electric 
current to said first and second 180 degree distributors 
so that the phase difference between the electric cur- 
25 rents supplied to the first and second 180 degree 
distributors is 90 degrees. 

9. An antenna feeding circuit according to claim 1, 
wherein said pair of electrically conductive bands is com- 
prised of a first, second, third and fourth pair of electrically 

30 conductive bands; and 

said 180 degree distributor is comprised of: 

a first 180 degree distributor for supplying electric 
current to the first pair of electrically conductive 
bands so that the phase difference between the elec- 
35 trie currents supplied to the first pair of electrically 

conductive bands is 180 degrees; 
a second 180 degree distributor for supplying electric 
current to die second pair of electrically conductive 
bands so that the phase difference between the elec- 
40 trie currents supplied to the second pair of electri- 

cally conductive bands is 180 degrees; 
a third 180 degree distributor for supplying electric 
current to the third pair of electrically conductive 
bands so that the phase difference between the elec- 
45 trie currents supplied to the third pair of electrically 

conductive bands is 180 degrees; and 
a fourth 180 degree distributor for supplying electric 
current to the fourth pair of electrically conductive 
bands so that the phase difference between the elec- 
50 trie currents supplied to the fourth pair of electrically 

conductive bands is 180 degrees; wherein: 
said first and third 180 degree distributors are con- 
nected to a first 90 degree distributor, which 
supplies electric current to said first and third 180 
55 degree distributors so that the phase difference 

between the electric currents supplied to the first 
and third 180 degree distributors is 90 degrees; 
and 

. said second and fourth 180 degree distributors are 
60 connected to a second 90 degree distributor, which 

supplies electric current to said second and fourth 
180 degree distributors so that the phase difference 
between the electric currents supplied to the sec- 
ond and fourth ISO degree distributors is 90 
65 degrees. 
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ABSTRACT: The method of making an antenna wherein pairs 
of conducting elements are helically disposed and supported 
around a central conducting element and longitudinally cou- 
pled with other conductive element pairs so arranged. 
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METHOD OF FORMING A HEUCAL ANTENNA 1 . The oonvenUoiul helical antenna withhi an exploraUon 

This is a division of Pat. application Ser. No. 593,967. fried sonde be too large for the standard-sized iMrehotes 

Nov. 14, 1966 now Pat. No. 3,449.657, patented June 10, drilled faito (be salt dome, say from 5 to 12 inches in 

1969. diameter; 

This invention relates to the exploration for oil around a salt 5 2. Where the antenna size is reduced to form a more corn- 
dome and to the mapping of the sides of the salt body from pact design, gain and directivity characteristics of the an- 
within a borehole penetrating the salt dome. More particu- tenna may not be adequate to map large-sized domes, 
larly. the invention relates to a method and apparatus for especially where severe downhole environmental condi- 
sequentially emitting electromagnetic eneigy from an antenna tions are encountered— e.g., high pressure, high tempera- 
system within the well bote into the salt dome at a known 10 tuie.etc; 

elevation and receiving reflections of the launched eneigy 3. The beam width (elevational spread) of the emitted etec- 

from the sides of the dome. The transmission, reflection and tromagnetic radiation may be too wide. Accordingly, it 

reception of the energy are then related to time; and the time may be difficult to obtain, among other things, high 

of travel of the emitted energy (from the source to the reflec- resolution of the returning signals (echoes) from the near 

tor and back ) is related to horizontal distance and recorded in 1 5 of dome; and 

accordance with the depth of the antenna below the earth's 4. The support of the antenna within the sonde may be in- 

surface to permit mapping of the interface of the salt dome. adequate to withstand usual shocks, static and bending 

A particular object of the present invention is a method and loads encountered in conventional lagging practice, 

apparatus for improving tiie gain and efficiency of a heUcal an- in accordance with the present invention, the effective area 

tenna housed within a compactly constructed sonde traversing 20 radiation of the helical antenna— and, hence, antenna 

Uie borehole penetrating tiie salt dome. The improved gain gain— is mctcased by forming the antenna-radiating elements 

and efficiency of the antenna are at least partially derived of a muItipUcity of coextensive pairs of intcrwound helical 

from the design of the antenna system and related energiza- conductors extending along the well bore, say for 15 feet. The 

tion equipment to provide the transfer of radiation through radiation intensity per unit length of antenna is increased 

Uie dome. The field radiated by the antenna of the present in- 25 ^^auX requiring a corresponding increase in the required all 

vention is omnidu^ional m azimuth to permit uniform dis- ^ver diameter of the antenna by employing dual propagating 

tribution of the radiated energy to all points in circles concen- conductors along tiie antenna. A broadside pattern of radia- 

tric of the antenna. In the elevational (Krection-i.e., in planes is accomplished in the antenna of the present invention by 

normal to the surface of the earth-tiie field is highly including a central conducting cylmder concentric witiiin and 

directional. ^ coextensive of the helical conductors. Radiation of minimum 

The art to which tiie present invention relates is descrited in accomplished by establishing tiie turn length of 

a copending application of W T HoUer. R. R Unterterger helical conductcirs as an integral number of operating 

m'IL®* i w*^' ^i"'' f ^ i^i^V^^^- ^""'.uL wavelengtiis of the energy as it is lansmitted withintiie sail 

Method of Mapping a Salt Dome at Depth by Measunng the * ^ 

I"'tL7irn.^,^!SI?TT.!'j^^1!F.u?^r " " nieantennau.apartofaloggmgtool,andasoiireeofelec- 

""^^"^ h'^''^.^'?"*''^*^;^-; '"^^W*^?^^^ tronagnetic energy may be tous^ in the upper end of the 

method is descnl>ed for mappmg the distance to the flanks of a ♦1*^ k« 

salt dome from within a well bore penetrating tiie dome. ^.H^nr.^?««™HL^^ 

It is known that an antenna t^y be fonSed by winding a ^H^l XLTf Jm^^ 

conductor helically about a conductive supporting mast ^d 40 ^yj^^^' Energy is emitted from the source, progresses 

tiiat such an antenna may be energized to propagate energy in f*"*"* f^^P' r^*^ ^^^T '''''f.^* ^j^"^"*^" 

an equiazimutiial patteri relative to tiie lonSSdinal ax^of tors and central cyhi^^ 

the mast. Such an Sntemia. known as a helical antenna, is dis- normal to the well bore. Tlie electrical circuit the a-uenna is 

closed in U.S. Pat. Nos. 2.985.878, L. O. Krouse et al,. issued closed by ,ntera>nnect.ng tiie input coupler witf. botfi tiie cen- 

May 23, 1961, for "Wound Antenna with Conductive Sup- 45 trd^^mder and tiie tehcalcond^^^^ 

port,- and 2,953,786. L. O. Krouse. issued Sept. 20. 1960. for , Preferably, but not necessarily, tiie ends of the helica I con- 

"Antenna for Polarized Propagation.- ductors are t^iinatcd in contact with Uie central cyhnder 

In a helical antenna of tiie type described in tfie prior art f"'*" coupler and at appropriately ^ced lo- 

patents. one conductor of the pair of conductors forming tiie ^ P^^'**^ nonreflecUve tennination of tiie ener- 

transmission line feeding the antenna is connected to tiie sup- 50 8y input to tiie antenna. The t«mtinal locauons ^ prrferably 

porting mast of tiie antenna and tfic otiicr conductor is wound ^Pajt a circunrferential le^gtii measured along tiie patii 

helically with a prescribed pitch and turn lengtii about and ofoneof the pairs of helical conductors equal to NA/4. where 

supported on tiie mast. The mast is formed of conductive N is any odd integer and A/ is the formation wavelengtij. The 

material, and usually a number of turns are wound about tiie ^It^e standing wave ratio ( VSWR) of tiie antenna is ac- 

mast. The wound element is tiien terminated at a distance 55 cordingly decreased witii corresponding improvements in an- 

from tiie feed end. If the axial lengtii of tiie antenna is short, tenna performance-for example, gain and directivity, 

tiie characteristic impedance of tiiis system may be main- Furtiier in accordance witii the present inventicm. tiie heh- 

tained by impedance elements at tiie terminal ends of tiie an- cal conductors may be fed in phase at tiie midpdnt of the con- 

tenna. ducting cylinder in such a manner to provide a vertically 

A concern of tiie present application is a helical antenna 60 polarized radiation field witiiout interconnecting tiie antenna 

system used to accomplish emission of electromagnetic radia- witii a phase shifter at tiie input coupler as requited by con- 

tion— directional in elevation but omnidirectional in ventional vertically polarized helical antenna systems. In the 

azimutii-witiiin the environment of a borehole drilled present invention, the input coupler may include, in a 

thousands of feet into a salt dome. The radiated electromag- preferred form, a coaxial distributor manifold connected 

netic energy is transmitted through tiie dome and then 65 through a Hexible coaxial line to tiie source of the electromag- 

reflcctcd from tiic electromagnetic discontinuity formed at netic energy. The distribution manifold is cylindrical and is 

the flanks of the dome spaced from tiie borehole. The travel ruggedly mounted witiiin the conducting cylinder. Four axially 

time of the energy to tiie reflector and back is measured, and spaced output terminals protrude radially from the manifold 

the distance from tiie antenna to tiie near salt flank is approxi- through tiie central cylinder and into contact witfi the respec- 
mated by computation from the known velocity of energy 70 tivc ends of the pairs of helical conductors at selected 

transmission tiirough tiie salt to pennit a partial mapping of coupling points about tiie central cylinder. The axial distance 

the dome. between the output terminals of the manifold is related to the 

Several problems become evident in adapting conven- turn length of the conductors in accordance with NX//2 sin a 

tionally formed helical antennas for use in tiie above method where N is any odd integer. A/ is the formation wavelength, 
of logging of salt domes: '^^ and a is the piteh angle of the pairs of conductois. Employing 
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this spacing, the input energy to the pairs of conductors is 
property phased to increase the effective radiation per unit 
length of the antenna. 

Further objects and advantages of the invention will 
become more apparent from the following detailed descrip- 
tion taken in conjunction with the accompanying drawings 
which form a part of this specification. 

In the drawings: 

FIG. 1 is a partial section of an earth formation including a 
salt dome penetrated by a borehole and illustrates a logging 
sonde and other apparatus for energizing and transporting the 
sonde in logging the salt dome; 

FIG. 2d is a representation of the face of a recording instru- 
ment displaying the information to be derived from the 
logging sonde of FIG. B ; 

FIG. 2b is a two-dimensional plot of the near flank of the 
salt dome of FIO. 1 as a function of depth; 

FIG. 3 is an elevational view of the logging sonde of RG. S 
partially cut away to illustrate a helical antenna adapted to 
radiate electromagnetic energy for logging the distance to the 
flank of the dome of FIG. B; 

FIG. 4 is a partial perspective section of the dome of FIG. 1 
illustrating the disclike radiation pattern of equiazimuthal, 
vertically polarized, energy from the helical antenna of FIG. 3 
to the flanks of the salt dome: 

FIG. 5 is a plot of electric field components of the emitted 
energy along sections of the helical antenna of the present in- 
vention illustrating how the components are resolved to 
generate vertically polarized electromagnetic radiation; 

FIG. 6 is a second pk)t of the electric field components 
along the antenna to illustrate the generation of horizontally 
polarized radiation; 

FIGS. 7 and 8 are elevational views of the helical antenna of 
FIG. 3 in which the antenna is adapted to generate vertically 
polarized electromagnetic radiation; FIG. 8 being enlarged 
and partially cut away to illustrate a coupler at the interior of 
the antenna; 

FIGS. 9 and 10 are elevational views of a second embodi- 
ment of the helical antenna cf FIG. 3 adapted to radiate 
horizontally polarized electromagnetic radiation; FIG. 10 
being enlarged and partially cut away to illustrate energization 
means at the antenna interior; 

FIG. 1! is an elevational view of another embodiment of the 
helical antenna of the present invention partially cut away to 
illustrate the antenna coupler; 

FIG. 112 is an elevational view of still another embodiment 
of the helical antenna of the present invention; 

FIG. 13 is an exploded view of the housing of the coupler of 
FIG. 12; 

FIG. 14 is an isometric view of the inner conductor sections 
of the coupler of RG. 1 2; and 

FIG. 15 is a sectional view taken along line 1S~15 of FIG. 
14. 

Referring now to FIG. 1» a section of a salt dome 10 is 
shown penetrated by a borehole 1 1 offset from the center of 
the dome so as to be adjacent to one of its flanks. In order to 
accurately define the near sidewaU of the dome 10 through 
controlled emission and reception of electromagnetic energy, 
an exploration sonde 13 incorporating an electromagnetic 
helical antenna, generally indicated at 14. is transported along 
the borehole so as to placed adjacent to differing horizontal 
sections of the dome. The purpose of mapping the near side of 
the salt dome-sedimentary interface 12 is to identify those 
areas where oil deposits 15 are most likely to be found ad- 
jacent the sidewall of the dome. 

To provide movement of the sonde 13 through the borehole 
1 1. a logging cable 16 is connected through sheaves 17 on der- 
rick 18 to cable drum 19. Motor 20 powers drum 19 on hoist 
truck 21 to raise and lower the sonde. 

As the borehole 1 1 may be filled with a dense drilling fluid 
to prevent intrusion of the earth formation into the borehole, 
the sonde 13 must be fluidtight at the mating joints of the 
upper housing 22 with lower housing 23 supporting the helical 



antenna 14. The upper housing 22 is connected to the lower 
housing 23 by union collar 24 as indicated. 

Located within truck 21 is a console 25 containing a power 
source and associated coupling circuitry suitable for feeding 
5 timing signals along logging cable 16 to the sonde 13, as well 
as indicators for the source and coupling circuitry. Console 25 
may also include surface recording equipment including at 
least three indicators: one for impedance match, indicator 27; 
another for depth, indicator 28; and another for distance, in- 
dicator 29. The impedance match displayed on indicator 27 
relates to the power transfer between the helical antenna 114 
and coupling circuitry within the sonde O as a function of 
their respective impedances, and the matching is performed 
downhole during operation of the antenna. Depth indicator 28 
shows the mapping depth of the antenna in the borehole 1 1 
and is measured by pulley 30. The distance from the borehole 
to the sidewall of the near side of the salt dome at each 
mapping depth is a function of the time between transmission 
2Q and reception of the electromagnetic energy by the antenna 
and is displayed on indicator 29. The information on the in- 
dicator 29 and the depth indicator 28 can be simultaneously 
recorded using a camera to produce a photographic plate of 
the type indicated at 31 in FIG. 2a. Plate 31 indicates the two- 
25 way travel time (2T) for emitted signals, and a series of these 
photographs may be reduced to a two-dimensional plot, such 
as shown in RG. 2b, in which the location of the near wall of 
the salt body relative to antenna axis 32 is represented by line 
33 connecting mapped points A', B', C, D', E' etc. 
30 Reference should now be had to RO. 3. This figure illus- 
trates the energization section 40 for helical antenna 14 for 
utilizing timing signals fed from control console 25. As in- 
dicated, the energization section 40 includes transmitter 41 
which is periodically energized through modulator (pulser) 42 
35 so as to generate electromagnetic pulses of high power and 
relatively short duration. Since helical antenna 14 is used for 
both transmitting and receiving, a switching arrangement 43, 
called a duplexer, is connected across transmitter 41 and 
receiver 44 as indicated. As well understood, the duplexer 43 
40 isolates the sensitive receiver 44 fh>m the transmitter when 
energy is fed to the antenna and then connects the antenna to 
the receiver 44 in the interval between pulses where the 
reflected energy is to be received. 

VSWR coupler 45 is connected so as to sense the energy 
transmitted between the duplexer 43 and the antenna 14. The 
coupler 45 samples the energy in the connecting transmission 
line to indicate the power transferred to the antenna as a func- 
tion of the relative impedances of the antenna and the ener- 
gization section 40. An antenna system is composed of a 
number of component parts, and associated with these com- 
ponents will be lengths of low-loss lines that are likely to be 
electrically "long" although physically "short.*' 
In regard to matching the antenna 14 and energization sec- 
^ j tions 40 to the transmission line between these components, 
adjustments in the length of the tine may be achieved in the 
present invention through a stub tuner 46 connected in paral- 
lel with VSWR coupler 45. Operation of tuner 46 is adjustably 
controlled by circuitry within the console 25 as the console 
go operator monitors the response of VSWR coupler 45 at in- 
dicator 27 (FIG. 1). 

During actual operation of the antenna system, energy is 
symmetrically coupled at a midportion of the antenna 14 by 
coupler 50 connected in series with energization section 40. 
65 During such operation, helical antenna B4 fundamentally may 
be thought of as a transmission line directing the transmission 
of first and second pairs of electromagnetic waves beginning 
at coupler 50 and helically winding in opposite axial directions 
to the remote ends of the antenna. The first pair of waves 
70 propagate in helical paths between a first pair of coextensive 
helical conductors 52 and 53 and central cylinder 51 interior 
of the helical conductors as indicated in FIG. 3. The second 
pair of waves helically propagates in a simitar manner but in 
an opposite axial direction to that of the first pair of waves 
75 between a second pair of coextensive helical conductors 54 
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and 55 also coextensive with the central conductor 51. The When the electric field component is normal to the axis 32 
helical conductors 52, 53 and 54. SS are radially spaced from of the antenna, the distribution is termed horizontally 
the central conductor 51 a constant radial dUtance (S,) and polarized radiation. When the electric field component is 
helically wind at a constant ptch angle (a) about the central parallel to the axis 32 of the antenna, the distnbution is called 
conductor 51. Across a midportion of the central conductor 5 vertically polarized radiation. When the electric field com- 
51 the adjacently located ends of the helical conductors, ponents disposed on the wave front have resultant vectors m 
termed "near" ends, are connected to the coupler 50 as both the vertical and horizontal directions, the distribution is 
^ovm called circulariy polarized radiadon. 

In analyzing the pairs of electromagnetic waves, several In general. Ae electric field component of the pairs of elec- 
characteristics become evident. For example, as each pair of 10 troniagnetic waves along the antenna is parallel to the mere- 
waves propagates along the antenna, their phases remain mental length of the helical conductor from which it radiates, 
identical although varytag periodically with distance from the Furthermore, each electric field component has an amplitude 
coupler 50; however, Uielr ampUtudes decay as radiation from and direction equal to the instantaneous signal current flowing 
the antenna occurs. Each wave tiws contributes to tiie intenai- , , in the tacremental conductor lengths. These orientations are 
tv of tfie resultant radiation field. maintained as the electromagnetic energy radiates from the 

As previously indicated, the helical conductors 52, 53 and antenna. Where Uie conductor lengths make an angle with the 
54, 55 and the central cylinder SI are designed to direct the principal direction of propagation, Uiere are thus provided 
transmission of electromagnetic energy along helical paths electric field componenU tiiat make an angle with »he axM 32 
about the cylindrical conductor SI. Accordingly, as the waves of the antenna that is the same as pitch angle (a) of the 
are composed of electric and magnetic fields tiiat adjust their pairs of helical conductors 52, S3 and 54, 55. 
configurations to satisfy Maxwell's boundary equations, the Furthermore, die electric field components of the pairs of 
physical dimensions of tiie pairs of helical conductors S2, 53 electromagnetic waves on the antenna also have the property 
and 54, 55 and central cylinder SI are of importance. For ex- of interacting witfi each other. They are vector qualities which 
ample. Uie circumferential turn length of tiie helical conduc- . . are governed by the principles of vector algebra. Accordmgbr. 
tors must be desigred to be greater than the radial spacing the pairs of electromagnetic waves propagating m opposed 
(S,) between Uie helical conductors and the central cylinder axial directions on the antenna may be adapted to interactas a 
. 51 Accordingly. Uie couplmg of tiie electromagnetic waves function of tiieir position along tiie antenna, as measured in 
between adjacent turns viriU be greater than that between tiie opposed but equal axial distances from the center of Uie an- 
helical conductors and die cenUal cylinder. Furthermore, cir- jj, tenna so as to provide linear polarization of the resuiong 
cumferential turn length of Oie helical conductors should also radiation. , . j j- ^ .u- 

beacommonvaluealongtiiefullextentoftheanteraia.Each For example, to provide verucal polaiued radiation, tte 
turn lengUi is preferably made equal to a value related to Uie signal currents on Uie transversely aligned portions of each 
phase of tiie aljacent pairs of electromagnetic waves so tiiat pair of helical conductors, say helical conductors S2. S3, must 
they are correctiy phased for uiteraction ta boUi the transverse 35 be Uie same magnitude and of equal polanty relative to each 
andaxialdirectionsalongUielengtiioftiieantenmi.IntiMsre- otiier but. most importantly, be of opposite Po'«rty 
gard. a piefened common turn lengtii of MX,, where M is any symmetncally located signa^ current. °PP^''«'y 
hiicMr (preferably one) and X, is die operating wavelengUi of tending pair of helical conductors (for ttils example, hdica^ 
elecUomi!neticeLrgyintiieldtdome%p.eferred. '^^'^ '''''^„^l"2ct^^^^ 

AlUiough die physical dimensions of tiie pairs of helical 40 antenna as measured m Uie same aamuUi diiectwn from the 
conductors are preferably equal, as previously mentioned, it longitudinal axis of tfie antenna. As indicated in FIG. 5, whm 
may be desirable on some applications to deviate from the tiiese conditions exist, electric field components represented 
preferred construction. For example, die first pair of helical by arrows 56. 57, 58 and 59 are generated along the Mtenna. 
conductors 52. 53 may have a different turn-to-tum spacing These arrows represent the u^taneous electric fiel*. found 
Uian Uie second pair of helical conductors 54, 55 in order to 45 in axially spaced sections of the helical conductors defined by 
eenerate circularly polarized radiation. Additionally, tiie use an imaginary geometrical figure having a wedge-staped cross 
of tiie antenna in deep, narrow boreholes is seen to be aided section, one comer of which lying on antenna axjs 32 and two 
by Uie fact that, even if the radial spacing (S,) should be remaining comeis lying on parallel Imes 34 mid 35 iradmlly 
reduced (tiiereby reducing Uie radiation per unit length of tiie spaced from and parallel witii the antenna axis 32. As the elec- 
antenna). tiie antenna is still adequate for most logging appli- 50 trie field components of the pans of waves a« symmeti;.^^ 
rMinn< about the midpoint of Uie antenna, Uiey may be resolved into 

T^e first and second pairs of helical conductors 52. 53 and reinforced vertical field vectors 56b. 57ft, 58ft and 59t radiat- 
54 55 are constructed to be symmetrical on eiUier side of a ing from tiie antenna and c^celable horiMntally aligned el^^ 
referent plane perpendiculaJ to the axis of the central trie field vectors S6<,. S7fl. 58a and S9a. Accordin^y. the first 
ySsL^erefe^nce plane passes through Uie midpoint 55 pair of wave, ^^^'^?^r^'f^^~^6^i^xi^"'' 
of coupler 50. Such symmetry permiu an interaction between generate vertically polarized ^^^°?^Sncbc^dMton 
the first and second pahs of electromagnetic waves To provide horizontally polarized radiation. Uie field cur- 
propiatedroppSed axiri directions to establish controlled rents on transversely aligned portions of each pair of he i^l 
S^?S'on of theresultant radiated field. conductors 52, 53 and 54, SS must also be of equal magnitude 

The polarization of tiie radiated eneny relates to Uie 60 and of opposite polarity as before but. most importantly, must 
direction of the electric field components of the radiated field be of tiie same polarity as respective signal currems at a cor- 
fntiteXipal diction of propa^tion. As illustrated in FIG. responding symmetrical plane on the oUier pair of helical con- 
Ttife radiated en^gy from a b'^ide radiating tiie helical ductors. As indicated in FIG. t'frZs 6r6r 62 

antennawithinsondel3faintfieforraofanexpandingsoUdof electt^ic field components represented by arrows <0. »»• « 
nrtln S uniform radiation in planes traverse to die 65 and 63 are generated along ti« antenna m a region d^^^^^ 
axis32oftheantera.a.AsmalIsectionoftfieenergyiscaUeda antenna axis 32 and parallel hues 34 a"d 35 These corn- 
wave front, generally indicated at 26. The wave front 26 is ponents are resolvable, as ^P^I^jJ^^JV^ 
toclted pei^Ldiculir to Uie direction of travel of Uk= energy forced hor zontal «!f ^^""'^'^^^^ 
as the enerey propagates from the borehole 11 in radial and cam«lable vertically directed field vectors 60* 616^ 62b 
^reoSoSughtte salt dome 10. The wave front ultimately 70 and 63ft. Accordingly, tiie first and second pairs ot'><^w^^x,- 
tn^mMc^^Tltof tiie salt body and Uie surround- ally propagating along die antenna a«^y from the midpomt in- 
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"incident wave" and the other carrying power away from the As shown in FIG. 8» coupler SOa also includes a scries of 

end "reflected wave." The net power radiated from the anten- split conductors forming extensions of the input line 66. In 

na is the difference in the power contained in the two waves. particular, coaxial line sections 68 and 69 arc connected in 

Furthermore, as the waves propagate, the antenna absorbs parallel to the input tine 66 and terminate in contact with 

power from each wave and thusly causes a corresponding 5 coaxial extensions 70 and 71!, respectively, at a plane near the 

reduction in gain of the antenna. midpoint of the antenna. The extensions 70 and 71 are seen to 

As indicated in FIG. 3, to prevent reflective waves from be perpendicularly oriented relative to the line sections 68 and 

each end of the antenna of the present invention, terminals 69 and connect via inner conductor 72 to the coupling posts 

65a and 6Sb are formed of an electrically conductive material; 73, 7<(, 75 and 76. The coupling posts in turn connect to pairs 

and the terminals 6Sa and 65^ are adapted to be spaced apart of helical conductors 52, 53 and 54. 55 at coupling points 

along central cylinder 51 in contact with both the pairs of heli- located exterior of the central cylinder 51. These coupling 

cal conductors 52, 53. and 5<^. 55 and the central cylinder 51. points are generally indicated at 78, 79. 80 and 81. Viewed 

As iiicident pairs of waves traveling down the antenna are from a side of the antenna (FIG. 8), the coupling points define 

reflected in part at any discontinuity where they encounter an an imaginary parallelogram having parallel opposite sides. The 

impedance other than the impedance of the line on which they two diagonally located coupling points 78 and 80 connect to 

travel, the magnitude and phase of the reflected waves, say the inner conductor of extension 70 and form one set of 

from posts 6Sa and 6Sb, will depend upon the amplitude and couplir^ points. The other two diagonal coupling points 79 

phase of the reflecting impedance. If a common impedance and 81 connect to the inner conductor of extension 71 and 

load is used to terminate both helical conductors, the relative 20 ^orm a second set of coupling points. As coupling posts 73. 74. 

amplitude and phase of the reflected waves will be the same. 75 and 76 have insulated sidewalls. the coupler circuit is 

The resultant reflected waves of each pair of waves will be closed at the bases of the coupling posts by connecting the 

maximum when the reflected waves add in phase and outer conductor of the extensions 70 and 71 to the central 

minimum where they are opposed in phase. Thus, if the length cylinder 51. 

between posts 65a and 65^ at each end of the antenna is equal 25 Energizing the antenna conductors with signal currents of 

to NKfJ^, where N is any odd integer and Kf is the operating the correct polarity depends upon the line length of section 68 

wavelength of energy in the salt body, each pair of reflected relative to section 69. Accordingly, if section 68 is constructed 

waves will have a relative phase difference of X//2 or its so that its length is exceeded by the length of section 69, say 

equivalent as measured in common transverse planes normal by a distance equal to Aj/2, where kf is the operating 

to the axis of the antenna. (Wavelength is defined as one cycle 30 wavelength of energy in the salt body as previously defined, 

of variation of the energy in the principal direction of coacct feed conditions exist. Each pair of helical conductors 

propagation.) In the above embodiment, the distance between 52, 53 and 54, 55 has one conductor fed from the coupling 

terminals 65a and 656 is measured along the longer of each points 78, 80 and one fed from the coupling points 79, 81 so 

pair of helical conductors between the transverse plane that the energization on the conductors of each pair is 1 80° 

through the terminals; i.e.. along helical conductors 53 and 35 out of phase. It should be noted that, while along successive 

54. Since the relative strength of the reflected waves is the transverse sections of the helical conductors the polarity of 

same, the pair of reflected waves, due to connecting the ends the signal current undei^oes periodical change, the relative 

ofeachpairofhelicalconductors52. 53or54. 55tothecen- polarity along the antenna remains 180° out of phase to 

tral cylinder 51. are thus completely canceled, minimizing the generate the desired vertically polarized energy from the an- 

voltage standing wave ratio ( VSWR ) of the antenna. The volt- 40 tetma. 

age standing wave ratio ( VSWR) is defined as the ratio of the However, the adjacent— axially spaced— coupling points 

maximum to the minimum field strength of the incident and 79. 80 and 78, 81, being of opposite polarity, must be suffi- 

reflected waves as the position along the line is varied through ciently insulated to prevent breakdown during operation of 

a distance of at least a half wavelength. the antenna. In this regard, an air-dielearic may be suitable as 

With regard to the operating frequency of the system, loss- ^5 insulator in low-power antenna applications although 

tangent measurements on samples of halide taken from salt dielectric strength of the medium may have to be increased for 

domes indicate rather low loss for energies in the frequency high-power operations, as by a separate ceramic insulating 

range from 10^ to 10'** cycles per second. Above this range, member between the adjacent coupling points 79, SO and 78. 
the tosses become excessive; below this range, the resolution 

of returning echoes becomes difficult. Inasmuch as operating In FIGS. 9 and 10, a second embodiment of the coupler of 

frequency is directly related to the operating wavelength, a the present invention is generally indicated at 506 for properly 

preferred range of operating wavelength for the energy used in energizing the antenna to generate horizontally polarized elec- 

conjunction with the antenna of the present invention is thus tromagnetic radiation. As shown in FIG. 9, the energy is fed 

from 1.24X10'* to 1.24X10^ meters in length or integral from input line 66' to coupler 506 and then is connected to the 

• equivalents thereof. antenna between the pairs of helical conductors 52. 53 and 

In FIGS. 7 and 8, a coupler embodiment, generally in- 54, 55 and central cylinder 51. As the helical conductors are 

dicated at 50a, feeds energy to the helical antenna of the insulated from the central cylinder by posts 64. voltages and 

present invention to generate vertically polarized electromag- currents are established along the helical conductors and the 

netic radiation. As the coupler 50a has the effect of combining 50 central cylinder for generating the pairs of axially propagating 

the characteristic impedance of the helical conductors 52, 53 electromagnetic waves previously mentioned. The resulting 

and 54, 55 in parallel, the "match'* of the helical conductors pairs of electromagnetic waves propagate in opposed axial 

to the input transmission line 66 is thus facilitated. directions from input coupling posts 73' and 74' of the cou- 

As shown in FIG. 7, the energy is fed from input line 66 to pier 506 toward the ends of the antenna, 
coupler 50a and then is connected to the antenna between the 65 As shown in FIG. 10. the coupler 506 also includes a series 
pairs of helical conductors 52, 53 and 54, 55 and central of conductors forming the extensions of the input line 66' 
cylinder 51. As the helical conductors are insulated from the similar to the coupler 50^ of FIGS. 7 and 8. As indicated, sec- 
central cylinder, as by posts 64, voltages and currents are tions 68' and 69' are connected in parallel to the input tine 66' 
established along the helical conductors and the central and terminate at a plane near the midpoint of the antenna in 
cylinder for generating first and second pairs of axially 70 contact with coaxial extensions 70' and 71'. The extensions 
propagating electromagnetic waves as previously mentioned. 70' and 71' connect via common inner conductor 72' to the 
The resulting pairs of electromagnetic waves propagate in op- coupling posts 73' and 74'. The posts in turn connect to the 
posed axial directions from input coupling posts 73, 74. 75 first and second pairs of helical conductors at two diametri- 
and 76 of the coupler 50a toward terminals 65a and 656 at the cally opposed coupling points indicated at 78' and 79'. Each 
ends of the antenna. 75 coupling point is exterior of the central cylinder 51. As 
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coupling posts 73' and 74' have insulated stdewalls, the ecu- gitudinal axis ofthe central cylinder 51. The lines 111 and 113 

pier circuit is closed by connecting the outer conductor of the are also diametrically opposed. Where the turn circum- 

coupler to the central cylinder 5 1 at the bases of the coupling fcrential length of the helical conductors 52, S3 and 54. 55 is 

posts. To establish correct energization conditions, section 68' equal to an integral full operating wavelength, the spacing 
is constructed so that its length exceeds the length of 69' by a 5 between the coupling points 107, 108 or 1109. 1 10 is equal to 

distance equal to Kf/2 as previously defined. One conductor of one-half circumferential turn length or its integral equivalent, 

each pair of coextensive helical conductors 52, S3 or 54, 55 measured along the longer of each pair of helical conductors 

thus is energized at a common coupling point 73' or 79' with beginning at the center of the antenna, as previously ex- 

the same phased signal, but each pair of helical conductors is plained. 

energized with complementary polarized signal currents at the Essentially, manifold 101 is electrically equivalent to the 

coupling points 78' and 79'. As these signals periodically vary coupler 50c of FiG. 1 L Energy is fed from the input transmis- 

along the antenna, the first and second pairs of electromag- sion line 82' to input coupler 102 then through the manifold 

nelic waves propagate from the points 78' and 79' toward the HOI to the center of the antenna between the pairs of helical 

remote ends of the antenna interacting, as previously ex- conductors 52, S3 and 54, 55 and to cylindrical conductor 51. 

plained, to generate horizontaUy polarized radiation. Within the manifold 101. the input signal currents are divided. 

In FIG. 1 1. a third embodiment of coupler is generally in- as explained below. Voltages are developed between the pairs 

dicatcd at SOc for properly energizing the antenna to generate of helical conductors and the central cylinder by connecting 

vertically polarized electromagnetic radiation. The coupler the outer conductor of the input line 82' to the central 

SOc preferably includes a series of coaxial line sections in- cylinder 51 through the coupler 1102 at the end of the manifold 

dicated at 82. 83, 84. 85, 86, 87 and 88. These sections are 101. The coupler 102 in turn connects to the central cylinder 

geometrically arranged and form a single input section 82 to a 51 through the sidewall of the manifold 101 in surface contact 

series of output sections 85. 86. 87 and 88 through inter- with the central cylinder 51. 

mediate sections 83 and 84. As indicated, the sections have a Manifold 101 need not be unitarily formed. As indicated in 
common inner conductor 89 and a common outer conductor 25 FIG. 13, the manifold 101 may be laminated, comprising a 

90. The inner conductor 89 b connected to helical conductors plurality of conducting plates H 15, 1 16, S 1 7 and £ 1 8 having a 

52, S3, 54 and 55 by coupling posts 91, 92, 93 and 94 at the plurality of broad surfaces parallel to the longitudinal axis of 

exterior of the central cylindrical conductor 51. As the symmetry of the manifold. Across the broad surfaces of the 

coupling posts 91, 92, 93 and 94 have insulated sidewalls, the plates are provided a series of concavities 119. 120, 121, 122 
outer conductor 90 of the output sections 85. 86, 87 and 88 30 and 323 progressing from a single input concavity 119 toa se- 

may all be connected to central cylinder 5 1 at the bases of the rics of output concavities 1 20, 1 211 . 1 22 and 123. The concavi- 

coupling posts. ties are constructed so that, as the plates HIS, 1116. 117 and 

As indicated, the coupling points 95. 96, 97 and 98 are not E18 are stacked in horizontal mating contact along the ad- 

transversely aligned, as is the case in the coupler 50a of FIGS. jacent broad surfaces, they are adapted to mate to form 
7 and 8. but instead are connected to the adjacent ends of the 35 grooves of circular cross section. 

helical conductors 52, S3, 54 and 55 at coupling points 95, 96. Within the mated concavities 1119, 120, 121, 1122 and 123 is 
97 and 98 axially spaced along central cylinder 51. The assembled a split, similarly oriented, inner conductor section 
coupling points define two sets of points. Each set of points 1L25 of FIG. 114. The conductor section 125 is shown removed 
95, 96 or 97, 98 is azimuthally spa^ so that the mdividual from contact with plates 1 15. 116. 11 17 and 1 18. As indicated, 
coupling points are aligned along a line 99 or ICO parallel to 40 section 125 is split into a series of segments 131. 032, 133, 
the longitudinal axis of the central cylinder 51, but each set is 034. 135, 136 and 137 connectable to respective extensions 
also diametrically located with respect to the other set of 138 of output posts 1103. 104, 105 and 106. The posts are in- 
coupling points. Preferably, where the turn length of the heli- dicated as being connected to the central cylinder by nuts 139. 
cal conductors 52, 53, 54 and 55 is equal to an integral full Along the section 125 are a series of wafers 140 of circular 
operating wavelength, each of the more remote coupling cross section located within the mated concavities of the 
points— coupling points 95 or 98— is spaced a common manifold having a central opening through which a segment of 
distance from the mating coupling points 96 or 97. When mea- the mner conductor section 1 25 extends. The wafers 140 are 
sured along one of the helical conductors, the distance is equal formed of elearically insulating material, 
to one-half turn length or its integral equivalent of the measur- When the inner conductor section 125 is supported 
ing conductor. One of each pair of the coextensive helical between the plates 115, 116. 117 and 1118. the minimum radial 
conductors is thus shortened relative to the other helical con- spacing between the inner conductor section and the sidewall 
ductor over the longitudinal length of the coupler SOc. An of the plates is determined by the dielectric strength of the 
equivalent expression for the spacing of the coupling points, medium carrying the electromagnetic waves. For air-dielectric 
when measured along lines 99 or 100 and between transverse transmission lines, the maximum potential gradient at sea level 
planes through the coupling points, is M\/2 sin a, where M is pressure is about 30,000 volts per centimeter. Where the radi- 
any odd integer. X/ is the operating wavelength as previously al spacing between the parts becomes limited, as across seg- 
defined, and a is the pitch angle of the helical conductors. ments 131. 132 and '133 where the wafers 140 are of smaller 
In FIGS. 12. 13, 14 and 15, a fourth embodiment of the cou- diameter, it is desirable to further reduce the radial spacing 
pier is generally indicated at 50^ for use in vertical polariza- below the normal breakdown gradient of the air-dielectric 
tion energy applications in which shocks, due to rough transmitting medium. In such applications, arcing may be 
handling, may occur. As indicated in FIG. 12. coupler SOd avoided by introducing a gas. such as nitrogen (dielectric con- 
comprises a distribution manifold 101 supported in contact stant 1 }, within the manifold 101 at a pressure greater than 
with conducting cylinder 51. An input coaxial connector 102 that of the atmosphere, say 300 p.s.i. The maximum power 
is attached to a remote transverse end of the manifold 101. A gs that can be transmitted by the manifold coupler is thereby in- 
series of output couplers 103. 104, 105 and 106 are connected creased to that having at least a tested breakdown potential 
at axially spaced locations along the length of the manifold gradient of say 100,000 volts per cm. 
101. As indicated in FIG. 12, the couplers 103, 104. 105 and In operation, signal currents are coupled by the input seg- 
106 have bases attached to central cylinder 51, and radially ment 131 of the inner conductor section 125 (FiO. 14) to a 
directed extensions connect to the adjacent ends of the pairs 70 plane near the midpoint of the manifold where the currents 
of helical conductors 52, S3 and 54. 55. Preferably these parts then divide at output segments 134. 135, 136 and 137 for ulti- 
are connected at two sets of selected coupling points about the mate connection to coupling posts 105, 106, 107 and 108. As 
central cylinder 51 indicated at 107, 108 and at 109. 110. indicated in FIG. BS. segments 132 and 133 may have ends ar- 
Each set of points 107. 108 or 109, 1 10 is azimuthally spaced cuately formed changing the relative elevations of the output 
so that it is aligned along a line 111 or 112 parallel to the Ion- 75 segments 134. 135. 136 and 137 to further aid in forming an 
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antenna of minimum diameter. Furthermore, to facilitate 
matching of the system, the segments 132, 133, 134, 135, 136 
and 137 preferably have different impedance values so that 
the input line 82' (FIG. 12) may be formed of a commonly 
available transmission line. S 

While certain preferred embodiments of the invention have 
been specifically disclosed, it should be understood that the 
invention is not limited thereto as many variations will be 
readily apparent to those skilled in the art and the invention is 
to be given its broadest possible interpretation within the 10 
terms of the following claims. For example, the pairs of elec- 
tromagnetic waves propagating in opposed axial directions 
away from the midpoint of the antenna may be controlled by 
suitable phase controllers to interact to radiate circularly 
polarized electromagnetic energy into the adjacent earth for- 15 
mation. 

We claim: 

1. A method of forming a high-gain helical antenna for ir* 
radiating an earth formation penetrated by a borehole to ap- 
proximate the distance to an electromagnetic discontinuity in 20 
said formation from said borehole, comprising the steps of: 
a. forming a two-wire electromagnetic coupling means hav- 
ing a single input terminal connectable to a source of 
electromagnetic energy, and a plurality of radially 
directed output terminals terminating exterior of and axi- 25 
ally spaced along the'midportion of an axially elongated 
central cylindrical conducting element of an electrically 
conductive material, by the substeps of: 
forming a plurality of axially elongated plates of an elec- 
trically conductive material having broad surfaces; 30 
grooving adjacent broad surfaces thereof to form a dis- 
tribution pattern including a single input groove and a 
plurality of output grooves; 
locating a single-wire conductor within the grooves hav- 
ing a single input end and a plurality of remote output 35 
ends; 

stacking the plates into a unitary assembly; 

attaching a two-wire transmission line to said assembled 
plates, one wire of said transmission line connected to 
said wire conductor within said grooves, the other wire 40 
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of said transmission line being connected to said plates; 
inserting the assembled plates within and in contact with 
the central cylindrical element whereby said plurality 
of remote near ends of said single-wire conductor 
within said grooves are alignable with openings in said 
central element so as to terminably contact said plurali- 
ty of output terminals exterior of said control element; 

b. forming first and second pairs of helical conducting ele- 
ments of an electrically conductive material about said 
central conducting element, each of said pairs of helical 
conducting elements adapted to helically wirid about said 
central conducting element in the same circumferential 
direction having near ends at said midportion of said 
cylindrical conducting element and remote ends ter- 
minating at a remote end of said cylindrical conducting 
element; 

c. spacing each helical conducting element in an axial 
direction along said central cylindrical element, so that 
each turn is adapted to have a common circumferential 
length equal to an integral operating wavelength of the 
electromagnetic energy in said formation; and 

d. connecting the plurality of output terminals of said near 
ends of the first and second pairs of helical conducting 
elements so as to shorten one of said helical conductors of 
each pair of helical conducting elements a circum- 
ferential distance relative to said other helical conductor 
of each pair of helical conductors, said distance being 
about a half of one integral turn of said helical conduc- 
tors, and thereby enable the production of first and 
second pairs of electromagnetic waves propagating in op- 
posed axial directions from said coupling means. 

2. The method as in claim 1 with the additional step of pres- 
surizing the dielectric medium of said coupling means located 
between said single-wire conductor and said plates so as to in- 
crease the breakdown gradient therebetween, said dielectric 
medium having a dielectric constant equal to about one. 

3. The method as in claim 2 in which the dielectric pres- 
surizing medium is an inert gas at a pressure greater than 1 5 
p.s.i. 
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(57) ABSTRACT 

An antenna for use at UHF and upwards has a cylindrical 
ceramic core with a relative dielectric constant of at least 5. 
A three-dimensional radiating element structure, consisting 
of helical antenna elements on the cylindrical surface of the 
core and connecting radial elements on a distal end face of 
the core, is formed by conductor tracks plated directly on the 
core surfaces. At the distal end face the elements are 
connected to an axially located feed structure in a plated 
axial passage of the core. The antenna elements are 
grounded on a plated sleeve covering a proximal part of the 
core which, in conjunction with the feeder structure, forms 
an integral balun for matching to an unbalanced feeder. 
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ANTENNA 

CONTINUING APPUCAHON DATA 

This application is a contiauation of application entitled 
An Antenna invented by Oliver Paul Leisten and having 
application Ser. No. 08/351,631, filed on Dec, 6, 1994 now 
U.S. Pat. No. 5,854,608, and which is incorporated herein by 
reference in its entirely. 

FIELD OF THE INVENTION 

This invention relates to an antenna for operation at 
frequencies in excess of 200 MHz, and in particular to an 
antenna which has a three-dimensional antenna element 
structure. 

BACKGROUND OF THE INVENTION 

British Patent No. 2258776 discloses an antenna which 
has a three-dimensional antenna element structure by virtue 
of having a plurality of helical elements arranged aroimd a 
common axis. Such an antenna is particularly useful for 
receiving signals from satellites, for example, in a GPS 
(global positioning system) receiver arrangement. The 
antenna is capable of receiving circularly polarised signals 
from sources which may be directly above the antenna, i.e. 
on its axis, or at a location a few degrees above a plane 
perpendicular to the antenna axis and passing through the 
antenna, or from sources located anywhere in the solid angle 
between these extremes. 

While being intended mainly for reception of circularly 
polarised signals, such an antenna, due to its three- 
dimensional structure, is also suitable as an omnidirectional 
antenna for receiving vertically and horizontally polarised 
signals. 

One of the disadvantages of such an antenna is that in 
certain applications it is insufficiently robust, and cannot 
easily be modified to overcome this difficulty without a 
performance penalty. For this reason, antennas which are to 
receive signals from the sky in harsh environments, such as 
on the outside of an aircraft fuselage, are often patch 
antennas, being simply plates (generally plated metallic 
square patches) of conductive material mounted flush on an 
insulated surface which may be part of the aircraft fuselage. 
However, patch antennas tend to have poor gain at low 
angles of elevation. Efforts to overcome this disadvantage 
have included using a plurality of differently oriented patch 
antennas feeding a single receiver. This technique is 
expensive, not only due to the numbers of elements required, 
but also due to the difficulty of combining the received 
signals. 

SUMMARY OF THE INVENTION 

According to one aspect of this invention an antenna for 
operation at a frequency in excess of 200 MHz comprises an 
electrically insulative antenna core of a material having a 
relative dielectric constant greater than 5, a three- 
dimensional antenna element structure disposed on or adja- 
cent the outer surface of the core and defining an interior 
space, and a feeder structure which is connected to the 
element structure and passes through the core, the material 
of the core occupying the major part of the said interior 
space. 

Typically the element structure comprises a phiralily of 
antenna elements defining an envelope centred on a feeder 
structure which lies on a central longitudinal axis. The core 
is preferably a cylinder and the antenna elements preferably 
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define a cylindrical envelope which is coaxial with the core. 
The core may be a cylindrical body which is solid with the 
exception of a narrow axial passage housing the feeder. 
Preferably, the voliune of the sofid material of the core is at 

5 least 50 percent of the intemal volume of the envelope 
defined by the elements^ with the elements lying on an outer 
cylindrical surface of the core. The elements may comprise 
metallic conductor tracks bonded to the core outer surface, 
for example by deposition or by etchin g of a previously 
applied metallic coating. 

For reasons of physical and electrical stability, the mate- 
rial of the core may be ceramic, e.g. a microwave ceramic 
material such as zirconium-titanate-based material, magne- 
sium calcium titanate, barium zirconium tantalate, and 

15 barium neodymium titanate, or a combination of these. The 
preferred relative dielectric constant is upwards of 10 or, 
indeed, 20, with a figure of 36 being attainable using 
zirconium-titanate-based material. Such materials have neg- 
ligible dielectric loss to the extent that the Q of the antenna 

20 is governed more by the electrical resistance of the antenna 
elements than core loss. 

A particularly preferred embodiment of the invention has 
a cylindrical core of solid material with an axial extent at 
least as great as its outer diameter, and with the diametrical 

25 extent of the solid material being at least 50 percent of the 
outer diameter. Thus, the core may be in the form of a tube 
having a comparatively narrow axial passage of a diameter 
at most half the overall diameter of the core. The inner 
passage may have a conductive lining which forms part of 

30 the feeder strucmre or a screen for the feeder strucmre, 
thereby closely defining the radial spacing between the 
feeder stmcture and the antenna elements. This helps to 
achieve good repeatability in manufacture. This preferred 
embodiment has a plurality of generally helical antenna 

35 elements formed as metallic tracks on the outer surface of 
the core which are generally co-extensive in the axial 
direction. Each element is connected to the feeder structure 
at one of its ends and to a ground or virtual ground conductor 
at its other end, the connections to the feeder structure being 

40 made with generally radial conductive elements, and the 
ground conductor being common to all of the helical ele- 
ments. 

According to another aspect of the invention, an antenna 
for operation at a frequency in excess of 200 MHz comprises 

45 a solid electrically insulative antenna core which has a 
central longitudinal axis and is made of a material having a 
relative dielectric constant greater than 5, a feeder structure 
extending through the core on the central axis, and, disposed 
on the outer surface of the core, a radiating element structure 

50 comprising a plurality of antenna elements which are con- 
nected to the feeder structure at one end of the core and 
extend in the direction of the opposite end of the core to a 
common grounding conductor. The core preferably has a 
constant external cross-section in the axial direction, with 

55 the antenna elements being conductors plated on the surface 
of the core. The antenna elements may comprise a plurality 
of conductor elements extending longitudinally over the 
portion of the core having a constant external cross-section, 
and a plurality of radial conductor elements connecting the 

60 longitudinally extending elements to the feeder structure at 
the said one end of the core. The phrase"radiating element 
structure" is used in the sense understood by those skilled in 
the art, that is to mean elements which do not necessarily 
radiate energy as they would when connected to a 

65 transmitter, and to mean, therefore, elements which either 
collect or radiate electromagnetic radiation energy. Accord- 
ingly the antenna devices which are the subject of this 
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Specification may be used in apparatus which only receives 200 MHz, wherein the antenna comprises an antenna ele- 

signals, as well as in apparatus which both transmits and ment structure in the form of at least two pairs of helical 

receives signals. elements formed as helices having a common central axis, a 

In a particularly preferred embodiment of the invention, substantially axially located feeder strucUire having an inner 
the antenna includes an integral balun formed by a conduc- 5 feed conductor and an outer screen conductor with each 

tive sleeve extending over part of the length of the core from helical element having one end coupled to a distal end of the 

a connection with the feeder structure at the above- feeder structure and its other end connected to a common 

mentioned opposite end of the core. The balun sleeve may grounding conductor, and a balun comprising a conductive 

thus also form the common grounding conductor for the sleeve located coaxially around the feeder structure, the 
longitudinally extending conductor elements. In the case of lo sleeve being spaced from the outer screen of the feeder 

the feeder structure comprising a coaxial line having an structure by a coaxial layer of insulative material having a 

inner conductor and an outer screen conductor, the conduc- relative dielectric constant greater than 5, with the proximal 

tive sleeve of the balun is connected at the said opposite end end of sleeve connected to the feeder structure outer 

of the core to the feeder structure outer screen conductor. screen. Preferably, the axial length of the helical elements is 

The preferred embodiment of the antenna, having a core S^^j^^ ^^""^^ f ^^^^ ^^l""- 
which is a solid cyUnder, inchides an antemia element conductor of the balun may also form the common ground- 
structure comprising at least four longitudinally extending "l^ cond"ctoj, with each hclica^ clement terminatmg at a 
elements on the cyHndrical outer surface of the core and ^!^^** ^g*^ °f **|^ alternative enabodmient. the 
corresponding radial elements on a distal end face of the distal edge of the sleeve is open circuit, and the common 
core connecting the longitudinaUy extending elements to the &o^ndmg conductor is the outer screen of the feeder struc- 
conductors of the feeder structiu'e. Preferably, these longi- 

tudinally extending antenna elements are of different invention also includes, from another aspect, a 

lengths. In particular, in the case of an antenna having four method of manufacturing an antenna as described above, 

longitudinally extending elements, two of the elements are comprising forming the antenna core from the dielectric 

of greater length than the other two by virtue of following material, and metallising the external surfaces of the core 

meandered paths on the outer surface of the core. In the case according to a predetermined pattern. Such metallisation 

of an antenna for circularly polarised signals, all four include coating external surfaces of the core with a 

elements follow a generally helical path, the longer of the metaUic material and then removing portions of the coating 

two elements each following a meandering course which ^ leave the predetermined pattern, or alternatively a mask 

deviates, preferably, sinusoidally on each side of a helical "oay be formed containing a negative of the predetermined 

centre line. The conductor elements connecting the longi- pattern, and the metallic material is then deposited on the 

tudinally extending elements to the feeder structure at the external surfaces of the core while using the mask to mask 

distal end of the core are preferably simple radial tracks portions of the core so that the metallic material is applied 

which may be inwardly tapered. according to the pattern. 

Using the above-described features it is possible to make ^ particularly advantageous method of producing an 

an antenna which is extremely robust due to its small size antenna having a balun sleeve and a plurality of antenna 

and due to the elements being supported on a solid core of elements forming part of a radiating element structure, 

rigid material. Such an antenna can be arranged to have the comprises the steps of providing a batch of the dielectric 
same low-horizon omni-directional response as the prior art ^ material, making from the batch at least one test antenna 

anteima which is mainly air-cored, but with robustness core, and then forming a balun structure, preferably without 

sufficient for use as a replacement for patch antennas in any radiating element structure, by metallising on the core a 

certain applications. Its small size and robustness render it ^^^^ sleeve having a predetermined nominal dimension 

suitable also for unobtmsive vehicle mounting and for use in "^^^^^ &fiQCts the frequency of resonance of the balun 

handheld devices. It is possible in some circumstances even structure. The resonant ftequency of this test resonator is 

to mount it directly on a printed circuit board. Since the then measured and the measured frequency is used to derive 

antenna is suitable for receiving not only circularly polarised a° adjusted value of the balun sleeve dimension for obtain- 

signals, but also vertically or horizontally polarised signals, * reqmred balun structure resonant frequency. The same 

it may be used not only in satellite navigation receivers but measured frequency can be used to derive at least one 

also in different types of radio communication apparatus dimension for the antenna elements of the radiatmg element 

such as handheld mobile telephones, an appUcation to which structure to give a required antenna elements frequency 

it is particularly suited in view of the unpredictable nature of characteristic. Antennas manufactured from the same batch 

the received signals, both in terms of the direction from ^f material are then produced with a balun sleeve and 

which they are received, and the polarisation changes antenna elements having the derived dimensions, 

brought about through reflection. gRigp DESCRIPTION OF THE DRAWINGS 

Expressed in terms of operating wavelength in air X, the drawin 
longitudinal extent of the antenna elements, i.e. in the axial 

direction, is typically within the range of from 0.031X to ^ perspective view of an antenna in accordance 

0.061X, and the core diameter is typically 0.02X to 0.03X. ^^'^ mvention; 

The track width of the elements is typically 0.0015X to go ^ is a diagrammatic axial cross-section of the 

0.0O25X, while the deviation of the meandered tracks from antenna; 

a helical mean path is 0.0035>. to 0.0065X on each side of the FIG. 3 is a fragmentary perspective view of part of the 

mean path, measured to the centre of the meandered track. antenna; 

The length of the balun sleeve is typically in the range of FIG. 4 is a cut-away perspective view of a test resonator; 
from 0.03X to 0.06X. 65 FIG. 5 is a diagram of a test rig including the resonator of 

According a third aspect of the invention, there is pro- FIG, 4; and 

vided an antenna for operation at a frequency in excess of FIG. 6 is a diagram of an alternative test rig. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to the drawings, a quadrifilar antenna in accor- 
dance with the invention has an antenna element structure 
with four longitudinally extending antenna elements lOA, 
lOB, IOC, and lOD formed as metallic conductor tracks on 
the cylindrical outer surface of a ceramic core 12. The core 
has an axial passage 14 with an inner metallic lining 16, and 
the passage houses an axial feeder conductor 18. The inner 
conductor 18 and the lining 16 in this case form a feeder 
structure for connecting a feed line to the antenna elements 
lOA-lOD. The antenna element structure also includes 
corresponding radial antenna elements lOAR, lOBR, lOCR, 
lODR formed as metallic tracks on a distal end face 12D of 
the core 12 connecting ends of the respective longitudinally 
extending elements lOA-lOD to the feeder structure. The 
other ends of the antenna elements lOA-lOD are connected 
to a common grounding conductor 20 in the form of a plated 
sleeve surrounding a proximal end portion of the core 12. 
This sleeve 20 is in turn connected to the lining 16 of the 
axial passage 14 by plating 22 on the proximal end face 12P 
of the core 12. 

As will be seen from FIG. 1, the four longitudinally 
extending elements lOA-lOD are of different lengths, two of 
the elements lOB, lOD being longer than the other two lOA, 
IOC by virtue of following a meandering course. In this 
embodiment, intended for circularly polarised signals, the 
shorter longitudinally extending elements lOA, IOC are 
simple helices, each executing a half turn around the axis of 
the core 12. On the other hand, the longer elements lOB, 
lOD each follow a respective meandering course which is 
sinusoidal in shape, deviating on either side of a helical 
centre line. Each pair of longitudinally extending and cor- 
responding radial elements (for example lOA, lOAR) con- 
stitutes a conductor having a predetermined electrical 
length. In the present embodiment, it is arranged that the 
total length of each of the element pairs lOA, lOAR; IOC, 
lOCR having the shorter length corresponds to a transmis- 
sion delay of approximately 135** at the operating 
wavelength, whereas each of the element pairs lOB, lOBR; 
lOD, lODR produce a longer delay, corresponding to sub- 
stantially 225^. Thus, the average transmission delay is 
180**, equivalent to an electrical length of X/2 at the oper- 
ating wavelength. The differing lengths produce the required 
phase shift conditions for a quadrifilar helix antenna for 
circularly polarised signals specified in Kilgus, "Resonant 
Quadrifilar Helix Design", The Microwave Journal, Decem- 
ber 1970, pages 49-54. TXvo of the element pairs IOC, lOCR; 
lOD, lODR (i.e. one long element pair and one short element 
pair) are cotmected at the iimer ends of the radial elements 
lOCR, lODR to the inner conductor 18 of the feeder struc- 
ture at the distal end of the core 12, while the radial elements 
of the other two element pairs lOA, lOAR; lOB, lOBR are 
connected to the feeder screen formed by metallic lining 16. 
At the distal end of the feeder structure, the signals present 
on the inner conductor 18 and the feeder screen 16 are 
approximately balanced so that the antenna elements are 
connected to an approximately balanced source or load, as 
will be explained below. 

The effect of the meandering of the elements lOB, lOD is 
that propagation of a circularly polarised signal along the 
elements is slowed in the helical direction compared with 
the speed of propagation in the plain helices lOA, IOC. The 
sealing factor by which the path length is extended by the 
meandering can be estimated using the following equation: 
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P&th length factor = [ I dA/lx 

Uo cositan~*[ancos(n^)]l J/ 

where: 

()) is the distance along the centre line of the meandered 

track, expressed in radians; 
a is the amplitude of the meandered path, also in radians; 
10 and 

n is the number of cycles of meandering. 
With the left handed sense of the helical paths of the 
longitudinally extending elements lOA-lOD, the antenna 
has its highest gain for right hand circularly polarised 
IS signals. 

If the antenna is to be used instead for left hand circularly 
polarised signals, the direction of the helices is reversed and 
the pattern of connection of the radial elements is rotated 
through 90**. In the case of an antenna suitable for receiving 

20 both left hand and right hand circularly polarised signals, 
albeit with less gain, the longitudinally extending elements 
can be arranged to follow paths which are generally parallel 
to the axis. Such an anterma is also suitable for use with 
vertically and horizontally polarised signals. 

25 In the preferred embodiment, the conductive sleeve 20 
covers a proximal portion of the antenna core 12, thereby 
surrounding the feeder structure 16, 18, with the material of 
the core 12 filling the whole of the ^ace between the sleeve 
20 and the metallic lining 16 of the axial passage 14. The 

30 sleeve 20 forms a cylinder having an axial length Ig as show 
in FIG. 2 and is connected to the lining 16 by the plating 22 
of the proximal end face 12P of the core 12. The combina- 
tion of the sleeve 20 and plating 22 forms a balun so that 
signals in the transmission line formed by the feeder struc- 

3S ture 16, 18 are converted between an unbalanced state at the 
proximal end of the antenna to a balanced state at the axial 
position corresponding to the upper edge 20U of the sleeve 
20. To achieve this effect, the length 1^ is such that, in the 
presence of an underlying core material of relatively high 

40 relative dielectric constant, the bahin has an electrical length 
of V4 at the operating frequency of the antenna. Since the 
remainder of the feeder structure 16, 18, i.e. distally of the 
upper edge 20U of the sleeve 20, is embedded in the core 
material 12 and, to a lesser extent, since the annular space 

45 surrounding the inner conductor 18 is filled with an insu- 
lating dielectric material 17 having a relative dielectric 
constant greater than that of air, the feeder structure distally 
of the sleeve 20 has a short electrical length. Consequently, 
signals at the distal end of the feeder structure 16, 18 are at 

50 least approximately balanced. 

The antenna has a main resonant frequency of 500 MHz 
or greater, the resonant frequency being determined by the 
effective electrical lengths of the antenna elements and, to a 
lesser degree, by their width. The lengths of the elements, for 

55 a given frequency of resonance, is also dependent on the 
relative dielectric constant of the core material, the dimen- 
sions of the antenna being substantially reduced with respect 
to an air-cored similarly constructed antenna. 

The preferred material for the core 12 is zirconiura- 

60 titanate-based material. This material has the above- 
mentioned relative dielectric constant of 36 and is noted also 
for its dimensional and electrical stability with varying 
temperature. Dielectric loss is negligible. The core may be 
produced by extrusion or pressing. 

65 The antenna elements lOA-lOD, lOAR-lODR are metal- 
lic conductor tracks bonded to the outer cyhodrical and end 
surfaces of the core 12, each track being of a width at least 
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four limes its thickness over its operative length. The tracks 
may be formed by initially plating the surfaces of the core 
12 with a metallic layer and then selectively ^tching away 
tjie layer to expose the core according to a pattern appliedj n 
aphotograpbic layer similarj o that used for etching printed 5 
circuit boards. Alternatively, the metallic material may be 
applied by selective deposition or by printing techniques. In 
all cases, the formation of the tracks as an integral layer on 
the outside of a dimensionally stable core leads to an antenna 
having dimensionally stable antenna elements. lO 

With a core material having a substantially higher relative 
dielectric constant than that of air, e.g. an antenna as 

described above for L-band GPS reception at 1575 MHz 
typically has a core diameter of about 5 mm and the 
longitudinally extending antenna elements lOA-lOD have a 15 
longitudinal extent (i.e. parallel to the central axis) of about 
8 mm. The width of the elements lOA-lOD is about 0.3 mm 
and the meandered elements lOB, lOD deviate from a helical 
mean path by about 0.9 mm on each side of the mean path, 
measured to the centre of the meandered track. Typically, 20 
there are five complete sinusoidal cycles of meander in each 
element lOB, lOD to produce the required 90** phase dif- 
ference between the longer and shorter of the elements 
lOA-lOD. At 1575 MHz, the length of the balun sleeve 22 
is typically in the region of 8 mm or less. Expressed in terms 25 
of the operating wavelength X in air, these dimensions are, 
for the longitudinal (axial) extent of the elements lOA-lOD: 
0.042A,, for the core diameter: 0.026X, for the balun sleeve: 
0.042X or less, for the track width: 0.0Q2X, and for the 
deviation of the meandered tracks: 0.005X. Precise dimen- 30 
sions of the anteima elements lOA-lOD can be determined 
in the design stage on a trial and error basis by undertaking 
eigenvalue delay measurements until the required phase 
difference is obtained. 

In general, however, the longitudinal extent of elements 35 
lOA-lOD is between 0.03X and 0.06X, the core diameter 
between 0.02k to 0.03X, the balun sleeve between 0.03X to 
0.06X, the track width between 0.0015X to 0.0025X, and the 
deviation of the meandered tracks between 0.0035X to 
0.0065X. 40 

As a result of the very small size of the antenna, manu- 
facturing tolerances may be such that the precision with 
which the resonant frequency of the antenna can be main- 
tained is insufficient for certain applications. In these 
circumstances, adjustment of the resonant frequency can be 45 
brought about by removing plated metallic material from the 
core, e.g. by laser erosion of part of the balun sleeve 20 
where it meets one or more of the antenna elements 
lOA-lOD as shown in FIG. 3. Here, the sleeve 20 has been 
eroded to produce notches 28 on either side of the junction 50 
with the antenna element lOA to lengthen the element 
thereby reducing its resonant frequency. 

A significant source of production variations in resonant 
frequency is the variability of the relative dielectric constant 
of the core material from batch to batch. In a preferred 55 
method of manufacturing the antenna described above, a 
small sample of test resonators is produced from each new 
batch of ceramic material, these sample resonators prefer- 
ably each having an antenna core dimensioned to correspond 
to the nominal dimension of the core of the antenna and 60 
plated only with the balun, as shown in FIG. 4. Referring to 
FIG. 4, the test core 12T, in addition to having a plated balun 
sleeve 20X also has a plated proximal face 12PT. The inner 
passageway 14T of the core 12T may be plated between the 
proximal face 12PT and the level of the upper edge 20UT 6S 
of the balun sleeve 12T or, as is shown in FIG. 4, it may be 
plated over its whole length with a metallic hning i6T. The 
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external surfaces of the core 12TdistaUy of the balun sleeve 
20T are preferably left unplated. 

The core 12T is pressed or extruded from the ceramic 
material batch to nominal dimensions, and the bahin sleeve 
is plated with a nominal axial length. This structure forms a 
quarter-wave resonator, resonating at a wavelength \ corre- 
sponding approximately to four times the electrical length of 
the sleeve 20T when fed at the proximal end of the passage 
14T where it meets the proximal end face 12PT of the core. 

Next, the resonant frequency of the test resonator is 
measured. This can be performed as shown diagrammati- 
cally in FIG. 3 by taking a network analyzer 30 and coupling 
its swept frequency source 30S to the resonator, here shown 
by the reference numeral 32T, using, for example, a coaxial 
cable 34 with the outer screen removed over the length of a 
short end portion 34E. End portion 34E is inserted in the 
proximal end of the passage 14T (see FIG. 4) with the outer 
screen of cable 34 coimected to the metallised layer 16T 
adjacent the proximal face 12PT of the core 12T, and with 
the inner conductor of the cable 34 lying approximately 
centrally in the passage 14T to provide capacitive coupling 
of the swept frequency source inside the passage 14T. 
Another cable 36, with its end portion 36E having the outer 
screen similarly cut back, is connected to the signal return 
30R of the network analyzer 30 and is inserted in the distal 
end of the passage 14T of the core 12T. The network 
analyzer 30 is set to measure signal transmission between 
souice 30S and retum 30R and a characteristic discontinuity 
is observed at the quarter-wave resonant frequency. 
Alternatively, the network analyzer can be set to measure the 
reflected signal at the swept frequency source 30S using the 
single cable anangement shown in FIG. 6. Again, a resonant 
frequency can be observed. 

The actual frequency of resonance of the test resonator 
depends on the relative dielectric constant of the ceramic 
material forming the core 12T. An experimentally derived or 
calculated relationship between a dimension of the balun 
sleeve 20T, for example, its axial length, on the one hand and 
resonant frequency on the other hand, can be used to 
determine how that dimension should be altered for any 
given batch of ceramic material in order to achieve the 
required resonant frequency. Thus, the measured frequency 
can be used to calculate the req\iired balun sleeve dimension 
for all antennas to be made from that batch. 

This same measured frequency, obtained from the simple 
test resonator, can t)e used to adjust the dimensions of the 
radiating element stmcture of the antenna, in particular the 
axial length of the antenna elements lOA-lOD plated on the 
cylindrical outer surface of the core distally of the sleeve 20 
(using reference numerals from FIGS. 1 and 2). Such 
compensation for variations in relative dielectric constant 
from batch to batch may be achieved by adjusting the overall 
length of the core as a function of the resonant frequency 
obtained from the test resonator. 

Using the above-described method, it may be possible, 
depending on the accuracy with which the frequency char- 
acteristics of the antenna arc to be set, to dispense with the 
laser trimming process described above with reference to 
FIG. 3. Although it is possible to use a complete antenna as 
a test sample, the advantage of using a resonator as 
described above with reference to FIG. 4, i.e. without a 
radiating element structure, is that a simple resonance can be 
identified and measured in the absence of interfering reso- 
nances associated with the radiating stmcture. 

The above-described balun arrangement of the antenna, 
being plated on the same core as the antenna elements, is 
formed simuhancously with the antenna elements, and being 
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integral with the remainder of the antenna, shares its robust- 
ness and electrical stability. Since it forms a plated external 
shell for the proximal portion of the core 12, it can be used 
for direct mounting of the antenna on a printed circuit board, 
as shown in FIG. 2. For example, if the antenna is to be 
end-mounted, the proximal end face 12P can be directly 
soldered to a ground plane on the upper face of a printed 
circuit board 24 (shown in chain lines in FIG. 2). With the 
inner feed conductor 18 passing directly through a plated 
hole 26 in the board for soldering to a conductor track on the 
lower surface. Since the conductor sleeve 20 is formed on a 
solid core of material having a high relative dielectric 
constant, the dimensions of the sleeve to achieve the 
required 90^ phase shift are much smaller than those of an 
equivalent balun section in air. The sleeve 20 also has the 
effect of extending the ground up to the level of the upper 
edge 20U where it is used for grounding the antenna 
elements lOA-lOD, without intervening connecting ele- 
ments. 

It is possible within the scope of the invention to use 
alternative balun and feeder structures. For example, the 
feeder structure may have associated with it a balun 
mounted at least partly externally of the antenna core 12. 
Thus, a balun can be effected by dividing a coaxial feeder 
cable into two coaxial transmission lines acting in parallel, 
one being longer than the other by an electrical length of X/2, 
the other ends of these parallel-connected coaxial transmis- 
sion lines having their inner conductors connected to a pair 
of inner conductors passing through the passageway 14 of 
the core 12 to be connected to respective pairs of the radial 
antenna elements lOAR, lODR; lOBR, lOCR. 

As another alternative, the antenna elements lOA-lOD 
can be grounded directly to an annular conductor at the 
proximal edge of the cylindrical surface of the core 12, a 
balun being formed by an extension of the feeder structure 
having a coaxial cable formed into, for example, a spiral on 
the proximal end face 12P of the core, so that the cable 
spirals outwardly from the inner passage 14 of the core to 
meet the annular conductor at the outer edge of the end face 
12P where the screen of the cable is connected to the annular 
conductor. The length of the cable between the inner pas- 
sageway 14 of the core 12 and the connection to the annular 
ring is arranged to be X/4 (electrical length) at the operating 
frequency. 

All of these arrangements configure the antenna for 
circularly polarised signals. Such in antenna is also sensitive 
to both vertically and horizontally polarised signals, but 
unless the antenna is specifically intended for circularly 
polarised signals, the balun arrangement can be omitted. The 
antenna may be connected directly to a simple coaxial 
feeder, the inner conductor of the feeder being connected to 
all four radial antenna elements lOAR-lODR at the upper 
face of the core 12, and the coaxial feeder screen being 
coupled to all four longitudinally extending elements 
lOA-lOD via radial conductors on the proximal face 12P of 
the core 12. Indeed, in less critical applications, the elements 
lOA-lOD need not be helical in their configuration, but it is 
merely sufficient that the antenna element structure as a 
whole, comprising the elements and their connections to the 
feeder structure, should be a three-dimensional structure so 
as to be responsive to both vertically and horizontally 
polarised signals. It is possible, for example, to have an 
antenna element structure comprising two or more antenna 
elements each with an upper radial connecting portion as in 
the illustrated embodiment, but also with a similar lower 
radial connecting portion and with a straight portion con- 
necting the radial portions, parallel to the central axis. Other 
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configurations are possible. This simplified structure is par- 
ticularly applicable for cellular mobile telephony A notable 
advantage of the antenna for handheld mobile telephones is 
that the dielectric core largely avoids detiming when the 
5 antenna is brought close to the head of the user. This is in 
addition to the advantages of small size and robustness. 

As for the feeder structure within the core 12, in some 
circumstances it may be convenient to use a prc-formed 
coaxial cable inserted inside the passage 14, with the cable 
JO emerging at the end of the core opposite to the radial 
elements lOAR to lODR to make a connection with receiver 
circuitry, for example, in a manner other than by the direct 
connection to a printed circuit board described above with 
reference to FIG. 2. In this case the outer screen of the cable 
should be connected to the passage lining 16 at two, pref- 
erably more, spaced apart locations. 

In most applications the antenna is enclosed in a protec- 
tive envelope which is typically a thin plastics cover sur- 
rounding the antenna either with or without an intervening 
20 space. 

What is claimed is: 

1. A radio telephone for use at frequencies greater than 
200 MHz including an antenna which comprises an electri- 
cally insulative core of a solid material having a relative 

25 dielectric constant greater than 5, and a three-dimensional 
antenna element structure disposed on or adjacent the outer 
surface of the core and defining an interior volume, the 
material of the core occupying the major part of the said 
interior volume. 

30 2. A radio telephone according to claim 1, further com- 
prising a feeder structure which is connected to the antenna 
element structure and passes through the core. 

3. A radio telephone according to claim 1, wherein: 

the core is cylindrical and has distal and proximal end 
35 faces, 

the antenna includes an axial feeder structure and 
the antenna element structure comprises at least two 
antenna elements extending firom one end face in the 
direction of the other, and radial elements on at least the 
40 said one end face connecting the antenna elements to 
the feeder stmcture. 

4. A radio telephone according to claim 1, wherein the 
material of the core is ceramic and has a relative dielectric 
constant greater than 10. 

45 5. A radio telephone according to claim 1, having a feeder 
structure which passes through the core and is connected to 
the antenna element structure, wherein the core is solid with 
the exception of a central passage bousing the feeder struc- 
ture. 

50 6. A radio telephone according to claim 5. wherein the 
core is cylindrical, and has an axial extent at least as greater 
as its diameter, and with the diametrical extent of the solid 
material being at least 50 percent of the said outer diameter. 

7. A radio telephone according to claim 1, wherein the 
55 core has a central axis and said antenna element structure 

comprises a plurality of antenna elements which are gener- 
ally co-extensive in the axial direction. 

8. A radio telephone according to claim 1, wherein the 
core has a central axis and the antenna has a feeder structure 

60 extending through the core on the central axis, the antenna 
element structure comprising a plurality of antenna elements 
which are connected to the feeder structure at one end of the 
core and extend in the direction of the opposite end of the 
core to a common interconnecting conductor. 

65 9. A radio telephone according to claim 8, wherein the 
common interconnecting conductor forms a grounding con- 
ductor for the antenna element. 
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10. A radio telephone according to claim 8, wherein the 
common interconnecting conductor is formed as a sleeve 
around a portion of the core. 

11. A radio telephone according to claim 10, wherein the 
sleeve: 

is formed on an outer surface of the core and encircles the 

feeder structure; 
has a rim to which the said antenna elements are joined; 

and 

is connected to the feeder structure at the said opposite 
end of the core. 

12. A radio telephone according to claim 11, wherein the 
feeder structure has an inner conductor and a coaxial outer 
screen conductor, and wherein the sleeve is connected to the 
screen conductor. 

13. A radio telephone according to claim 8, wherein the 
antenna elements comprise helical tracks, and the sleeve is 
cylindrical. 

14. A radio telephone according to claim 1, for handheld 
use. 

15. A radio telephone having an antenna the main resonant 
frequency of which is in excess of 500 MHz wherein the 
antenna comprises an electrically insulative antenna core of 
a material having a relative dielectric constant greater than 
5, a three-dimensional antenna element stmcture disposed 
on or adjacent the outer surface of the core and defining an 
interior volume, and a feeder structure which is connected to 
the antenna element structure and passes through the core, 
the material of the core occupying the major part of the said 
interior volume. 

16. A radio telephone according to claim 15, wherein the 
antenna element stmcture comprises a plurality of antenna 
elements defining an envelope centered on a central longi- 
tudinal axis of the antenna, and wherein the feeder structure 
is coincident with the said axis. 

17. A radio telephone according to claim 16, wherein the 
core is a cylinder and the antenna elements define a cylin- 
drical envelope which is coaxial with the core. 

18. A radio telephone according to claim 16, wherein the 
core is cylindrical and is solid with the exception of an axial 
passage housing the feeder structure. 

19. A radio telephone according to claim 18, wherein the 
volume of the solid material of the core is at least 50 percent 
of the internal volume of the envelope defined by the 
elements, with the elements lying on an outer cylindrical 
surface of the core. 

20. A radio telephone according to claim 16, wherein the 
elements comprise metallic conductor tracks bonded to the 
core outer surface. 

21. A radio telephone according to claim 15, wherein the 
material of the core is a ceramic. 

22. A radio telephone according to claim 21, wherein the 
relative dielectric constant of the material is greater than 10. 

23. A radio telephone according to claim 15, having a 
cylindrical core of solid material with an axial extent at least 
as great as its outer diameter, and with the diametrical extent 
of the soUd material being at least 50 percent of the outer 
diameter. 

24. A radio telephone according to claim 23, wherein the 
core is in the form of a tube having an axial passage of a 
diameter less than a half of its overall diameter, the inner 
passage having a conductive lining. 

25. A radio telephone according to claim 23, wherein the 
antenna element structure comprises a plurality of generally 
helical elements formed as metallic tracks on the outer 
surface of the core which are generally co-exleosive in the 
axial direction. 
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26. A radio telephone according to claim 23, wherein each 
helical element is connected to the feeder structure at one of 
its ends and to another of said helical elements at its other 
end. 

5 27. A radio telephone according to claim 26, wherein the 
connections to the feeder structure arc made with generally 
radial conductive elements, and each helical element is 
connected to a ground or virtual ground conductor which is 
common to all of the helical elements. 

10 28. A radio telephone for operation at a frequency in 
excess of 200 MHz having an antenna which comprises a 
solid electrically insulative antenna core which has a central 
longitudinal axis and is made of a material having a relative 
dielectric constant greater than 5, a feeder structure extend- 

15 ing through the core on the central axis, and, disposed on the 
outer surface of the core, a plurality of antenna elements 
which are connected to the feeder structure at one end of the 
core and extend in the direction of the opposite end of the 
core to a common interconnecting conductor. 

20 29. A radio telephone according to claim 28, wherein at 
least a portion of the core has a constant external cross- 
section in the axial direction, with the antenna elements 
being conductors plated on the surface of said portion. 
30. A radio telephone according to claim 29, wherein the 

25 antenna elements comprise a plurality of conductor elements 
extending longitudinally over the portion of the core having 
a constant external cross-section, and plurality of radial 
conductor elements connecting the longitudinally extending 
elements to the feeder structure at said one end of the core. 

30 31. A radio telephone according to claim 28, wherein the 
antenna includes an integral bahin formed by a conductive 
sleeve extending over part of the length of the core firom a 
connection with the feeder structure at the said opposite end 
of the core, 

35 32. A radio telephone according to claim 31, wherein the 
balun sleeve forms the conunon conductor for the longitu- 
dinally extending conductor elements, and wherein the 
feeder structure comprises a coaxial line having an inner 
conductor and an outer screen conductor, the conductive 

40 sleeve of the balim being connected at said opposite end of 
the core to the feeder structure outer screen conductor. 

33. A radio telephone according to claim 28, wherein the 
core is solid and has a cylindrical outer surface, and wherein 
the antenna elements comprise at least four longitudinally 

45 extending elements on the cylindrical outer surface and 
corresponding radial elements on a distal end face of the 
core connecting the longitudinally extending elements to the 
conductors of the feeder structure. 

34. A radio telephone according to claim 33, wherein the 
50 longitudinally extending elements are of different lengths. 

35. A radio telephone according to claim 34, wherein the 
anterma elements comprise four longitudinally extending 
elements, two of which are of greater length than the other 
two by virtue of following meandered paths on the outer 

55 surface of the core. 

36. A radio telephone according to claim 35, wherein each 
of the four longitudinally extending elements follow a 
respective generally helical path, the longer of the two 
elements each following a respective meandering course 

60 which deviates to either side of a helical center line. 

37. A radio telephone according to claim 33, wherein the 
radial elements are simple radial tracks which are all the 
same length. 

38. A telephone antenna comprising an electrically insu- 
65 lative core of a solid material having a relative dielectric 

constant greater than 5, and a three-dimensional antenna 
element structure disposed on or adjacent the outer surface 
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of the core and defining an interior space, the material of the 
core occupying the major part of said interior space. 

39. An antenna for operation at frequencies in excess of 
200 MHz, comprising an electrically insulative core of a 
solid material having a relative dielectric constant greater 5 
than 5, a three-dimensional antenna element structure dis- 
posed on or adjacent an outer surface of the core and 
defining an interior volume, and a feeder structure which 
passes through the core and provides an electrically bal- 
anced feed connection with the antenna element structure, lo 
the material of the core occupying the major part of said 
interior volume, 

40. An antenna according to claim 39, including an 
integral balun. 

41. An antenna according to claim 40, wherein the balun 15 
includes a conductive layer on said outer surface of the core. 

42. An antenna according to claim 41, wherein said 
conductive layer comprises a conductive sleeve around part 
of the core, and wherein the, feeder structure comprises a 
coaxial combination of an inner conductor and an outer 20 
screen conductor, and wherein the sleeve is connected to 
said outer screen conductor. 

43. An antenna according to claim 42, wherein the core 
has a central axis and wherein said antenna element structure 
comprises a plurality of axially co-extensive antenna ele- 25 
ments which extend firom said balanced feed connection to 

a rim of the sleeve. 

44. An anteima according to claim 43, wherein the core is 
cylindrical and the antenna elements are helical. 

45. An antenna according to claim 43, wherein at least a 30 
portion of the core is of constant cross-section, centered on 
said axis, and wherein said antenna elements are located on 

an outer surface of said portion. 

46. An antenna for operation at a frequency in excess of 
200 MHz comprising: 35 

an antenna core in the form of an electrically insulative 
dielectric body made of a solid material having a 
dielectric constant greater than 5, wherein the body has 
an axis of symmetry and an outer surface directed 
outwardly from said axis, said outer surface enclosing ^ 
an interior volume at least 50 percent of which is 
occupied by said material, 

a plurality of conductive antenna elements on said outer 
surface, 

45 

a feeder connection for connecting the antenna elements 

to a feeder, 
and an integral bahin. 

47. An antenna according to claim 46, inchiding a coaxial 
feeder having an inner conductor and an outer screen, the 5q 
feeder being surrounded by said dielectric body material, 
wherein the balun comprises a conductive layer on said 
outer surface spaced from said feeder by said material. 
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48. An antenna according to claim 47, wherein the con- 
ductive layer is formed as a sleeve around part of the core, 
and wherein the feeder is located on said axis and passes 
through the core from said feeder connection to a second 
said connection, at which second connection said outer 
screen is connected to said sleeve. 

49. An antenna according to claim 48, wherein the sleeve 
has a rim spaced from said second connection and wherein 
the anteima elements extend in an electrically parallel con- 
nection fipom said feeder connection to said rim. 

50. An antenna for operation at a frequency in excess of 
200 MHz comprising: 

an antenna core in the form of an electrically insulative 
dielectric body made of a solid material having a 
dielectric constant greater than 5, wherein the body has 
an axis of symmetry and an outer surface directed 
outwardly from said axis, said outer surface enclosing 
an interior volume at least 50 percent of which is 
occupied by said material, 

a plurality of conductive antenna elements on said outer 
surface, 

a feed connection, and 

a conductive sleeve formed on said outer surface and 
forming a cavity surrounding part of said dielectric 
body. 

51. An antenna according to claim 50, inchiding a coaxial 
feeder having an inner conductor and an outer screen, the 
feeder being surrounded by said dielectric body material, 
wherein the sleeve comprises a conductive layer on said 
outer surface spaced from said feeder by said material. 

52. An antenna according to claim 50, wherein said 
dielectric body is a solid cylinder having first and second end 
surfaces, wherein one of said end surfaces is covered by a 
layer of conductive material, and wherein said sleeve is 
connected to said layer to form a cavity which extends from 
said one end surface to a sleeve rim located on said body at 
a position intermediate said first and second ends. 

53. An antenna according to claim 52, further comprising 
a feeder, said cavity being connected to the feeder. 

54. An antenna according to claim 53, wherein the feeder 
is located on said axis and passes through the core from said 
feeder connection connecting the feeder to said antenna 
elements to a second connection, at which second connec- 
tion said outer screen is connected to said conductive layer. 

55. An antenna according to claim 50, including a feeder, 
wherein the sleeve has a rim and wherein the antenna 
elements extend in an electricaUy parallel manner from said 
rim to a connection with the feeder. 

« « « « ♦ 
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[57] ABSTRACT 

An improved helix antenna including a single unitary 
antenna having plural radiating elements extending 
radially from a common junction. A microstrip balun is 
connected to the plural antenna elements at the com- 
mon junction. In a particular embodiment, the antenna 
includes four radiating elements arranged in a helical 
pattern and mounted such that a longitudinal axis ex- 
tending through the axial center of the antenna is coinci- 
dent with a longitudinal axis of the microstrip balun. 
One or more of the radiating elements includes a semi- 
circular loop to create phase relationships necessary for 
a circularly polarized beam pattern. The microstrip 
balun includes a transmission line and a ground plane on 
opposite sides of a dielectric substrate. The transmission 
line and the ground plane are tapered for impedance 
matching between the input and the output thereof 

4 Qaims, 3 Drawing Sheets 
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Thus, there is a need in the art for a quadrifilar an- 

QUADRIFILAR HEUX ANTENNA tenna design that allows for low construction and test- 

ing costs. 



SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to antennas. More spe- in the art b addressed by the improved helix 

dfically, the present mvention relates to quadrifilar antenna of the present invention. In a most general 

helix antennas sense, the mvention mcludes a single unitary antenna 

Whfle the present invention is described herein with lo ^^"^ ^^"""^^ extending radially 

reference to iUustrative embodiments for particular ^'^^^ f '^T'''' J'^^*^^"- A^«*^5"P ^^^P^' 

appHcations^itshouWbemiderstood thattheL^ti^^ ^r^JrfT"" "^"^^ r"^' 

i/JL*. k^sITj -m. 1. • J- 1-1, • elements at the common junction. In a particular em- 

is not limited thereto. Those havmg ordinary skill m the u j- * *t. * • i ^ r • i^^w^*"*^ 

«^ « ♦ A i«- J jV^^ .„ bodmicnt, the antenna mcludes four radiatmg elements 

art and access to the teachmgs provided herem will o«^«<TAri « o « ^ ♦ ^ wc*"<?u«» 

. , j-i= 1. , arranged m a nencal pattern and mounted such that a 

recede additional modifications, appli^tiom. and 13 fongiSLdinal axis exte^ing through the axial cen^of 

embodmients witto the scope thereof and addition^ thelntemia is coinddent ^th a longitudinal axis of^^^ 

fieldsmwhichthepresentmventionwouldbeofsigmfi. microstripbalun. Two of the radiating elements include 

^ nJr^j«*i«r, D-u*<^ AW ' * semi-circular loop) to create phase 
^ >^?p ^l>c^ on relationships necessary for a circularly polarized beam 

TheGlohalPositionmgSystem(GPS)providesaccu. 20 microstrip balun/impedance transformer 

rate position mformation m three dimensions (latitude, includes a transmission Ime and a ground plane on op- 

longitude, altitude). Position location is facilitated by a posite sides of a dielectric substrate. TTie transmission 

constellation of satelhtes. Each GPS sateUite continu- Une and the ground plane are tapered for impedance 

ously transmits precise time and position data. GPS matching between the mput and the output thereof 
receivers read signals transmitted &om three or more 

satellites and calculate the user's position based on the BRIEF DESCRIPTION OF THE DRAWINGS 

distance therefrom. In addition to position information. FIG. 1 is a front devational view of a quadrifilar helix 

other navigation information may be calculated includ- antenna constructed in accordance with conventional 

ing, range, bearing to destination, speed and course over teachings. 

ground, velocity, estimated time of arrival and cross FIG. 2 is a sectional view of a quadrifilar heHx an- 

track error. The accuracy of the calculation is depcn- tenna constructed in accordance with conventional 

dent on the quality of the signal detected fi-om the satel- teachings. 

lite. Hence, the system requires a sufilciently accurate FIG. 3 is a simplified top view of the quadrifilar helix 

receiver and antenna arrangement. Specifically, the 35 antenna constructed in accordance with conventional 

antenna must be small and portable with an omnidireo- teachings. 

tional beam pattern broad enough to detect signals fi-om FIG. 4 is a side view of a quadrifilar helix antenna 

satellites located anywhere in the hemisphere. For this constructed in accordance with the teachings of the 

purpose, the quadrifilar helix antenna has been found to present invention. 

be well suited. 40 FIG. 5 is a front view of the quadrifilar helix antenna 

As discussed in Antenna Engineering Handbook, by constructed in accordance widi the teachings of the 

Richard C. Johnson and Henry Jasik, pp. 13-19 through present invention. 

13-21 (1984) a quadrifilar helix (or volute) antenna is a F^^- 6 is an isolated top view of the antenna element 

circularly polari2ed antenna having four orthogonal quadrifilar helix antenna constructed in accor- 

fractional-turn (one fourth to one turn) helixes excited 43 <ianee ynth the tCTchings of the present invention, 

in phase quadrature. Each helix is balun-fed at the top, ^ ^ ^ junction of the radiating 

and the helical arms are wires or metallic strips (typi- element of FIG. 6. 

cally four in number) of resonant length (l=m\/4> * ^ ^ ^« a radiating ele- 

m= 1, 2, 3, . . , ) wound on a smaU diameter with a large ^® antenna element of the quadrifilar helix 

pitch angle. This antenna is well suited for various ap- ^ antenna constructed m accordance with the teachings 

pUcations requiring a wide hemispherical beam pattern of tije present mvenUon. ^ . ^ ^ _ 

over a relatively narrow frequency range. ^ ^ showmg how the ends of the 

In accordance with conventional wis^m. quadrifilar fJ^'T^ ^^'"^^^ ^^^^f t^*^ S^J^^' 

helix antcmias are constructed of several piec«j (e.g. 13) f^^^ constructed m accordance with the 

typicaUy soldered by hand at nmnerois joints. TTie "^^^^n^-^ ^'^j invention 

antemias are typically mass produced by imskilled la- ^ P^^P^ctive view of the quadnfilar hehx 

w aT.11!F^^aJ^u1u* ^ wisjoiieoi la antenna constructed in accordance with the teachings 

bor. As a result, quadnfilar hehx antennas constructed jhe present mvention. 

m accordance with conventional teachings are expen- piG. 11 is an isolated top view of an alternative em. 

sive to fabncate, nonrepeatable m design and therefore ^ bodiment of the antemia elLent of the quadrifilar helix 

reqmre hand tumng. In particiriar. conventional quadri- antemia constructed in accordance with the teachings 

filar antennas have a coax feed which has a varied dis- of the present mvention. 
tance between the inside diameter and outside diameter 

to match the 50 ohm typical input unpedance to 30 ohm DESCRIPTION OF THE INVENTION 

typical feed output impedance for optimum power 65 Dlustrative embodiments and exemplary applications 

trmsfer into the antenna elements. This requires ma- will now be described with reference to the accompa- 

chining and hand assembly which complicates the de- nying drawings to disclose the advantageous teachings 

sign and increases the cost of construction. of the present invention. 
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FIG. 1 is a firont.elevadonal view of a quadrifilaT helix the laiiding phase delay is maintained. If there were no 
antenna 10' constructed in accordance with conven- landing, the ends ofthe radiating elements would seat at 
tional teachings. The antenna 10' includes a piece of various distances thereby changing the phase differen- 
printed circuit board 12' formed in a cylindricil shape, tial between element arms. As shown in the detail view 
on which four radiating elements 14' arc disposed by 5 of FIG. 9, the tabs 38 are fed through holes in the mi- 
etching, deposition or other conventional process. The crostrip balun/impedance transformer 22 from oppos- 
radiating elements 14' are fed at the top of the antenna ing sides thereof, at which point the radiating elements 
l>y a c oaxial transmission lin e 16Lfrom a coaxial are soldered to the miciostrip balun^pedance trans- 
connector 18'. former 22. These solder joints construct the antenna 

As illustrated hi sectional view of FIG. 2, the coaxial 10 elements into a mechanically rigid structure, 
transmission fine is electrically connected to a ^un- Returning to FIG. 4, the antenna element 12 is fed by 
/impedance transformer 20' which extends.along the a microstrip balun/impedance transformer 22. The mi- 
longi tudin al axis o f the boa rd 12'^to^thejopjhereof at crostrip balun/unpedance transfoimer is connected to a 
^Sk^.clcctrical connection u efifected to each otthe coax connector 26 on one end and to the antenna ele- 
radiating demente 14'. The manner by which-the con- 15 ment 12 on the other. The microstrip balun/lmpedance 
necticns are made is illustrated in the_gmplified,top transformer 22 is a thm strip of dielectric material 40 of 
viewof FIGrariVo of lh^^ teflon and fiberglass or other suitable material. The 

shown)lugs(^CT^ to ^e^nt^ coirfuctor^22LofLthe dielectric has a tapered transmission hne 42 deposited 
b^nn>^pedancc tra^o nner^20 ' and thelremainin g on one side and a tapered ground plane 44 (not shown) 
two ra diating elemen ts (also not showa) are connected 20 deposited on the other. 

to the ta pered center conductor 24'Vflie bdun;^p ed- The tcansmissioa Hne 42 is illustrated m the front 
ance tr ansfor mer 20^. This is illustrated in FIG. 2. The view of FIG. 5. In the illustrative embodiment, the 
bottom ends of the radiating elements 14' are soldered tapers of the transmission line 42 and the ground plane 
to a machined ring 26' on the balunylmpedance trans- 44 arc designed to provide a 50 ohm coax mput impe- 
former 20*. 25 dance and a 30 ohm antenna output impedance for opti- 

Thus, it is apparent that conventional quadrifilar helix mum power transfer, 
antenna construction requires six solder connections at FIG. 10 is a perspective view of the quadrifilar helix 
the top thereof, six at the bottom and two at the connec- anteima 10 of the present invention . 
tor inter&ce for a minimum of 14 solder connections. In construction, the microstr^ balun/lmpedance 

Asis well known in the art, the piecework and neces- 30 transformer 22 is mserted through the q>erture in the 
sityformultiplesolder connections requires cosdy hand junction 28 of the antenna element 12, The radiating 
work with labor equipped, at least, with soldering skills. elements arc folded at the loops 30 and 32 and at the 
In addition, the solder connections are characteristi- bends 46» 49 and 50 (FIG. 6) mto the helical shape of 
cally nonrepeatable further requiring costly testing and FIGS. 4 and 5. The tabs 3S of the radiating elements 
'^"""^g- 33 ext^d through apertures m the dielectric 40 and the 

The quadrifilar antenna design of the present inven- element self-index landhig 39 accurately locates the 
tion provides a sunple low cost alternative conventional element position as illustrated m FIG. 9. The transmis- 
quadrifilar antenna designs. FIG. 4 is a side view and sion line 42 is shaped at the top of the dielectric 40 so 
FIG. 5 is a front view of a quadrifilar heHx antenna 10 that it may be solder connected to die tabs of two ofthe 
constructed m accordance with the teachmgs of the 40 antenna radiating elements (eg., 14 and 16) on one end 
present invention. The antoma j O includes a unitary thereof on one aide of the dielectric 40. At the other 
anten na eleme nt_12.and a microstrip balun/lmpedance end, the transmission line 42 is soldered to the center 
transformer 2201ie^ante nna e lement 12 _is_cut , or conductor of the coax connector 26 (See FIG. 10). The 
«tami)ed^ from a thin sheet^of j^ppp^ or other suitable ground plane 44 is shaped at the top of the dielectric 40 
oonducto. In the ilhistrative embodnnent, the stntmns^ 45 so that it may be solder connected to the tabs of the 
element 12 includes first, second, third and fourth ra di- remaidng two antenna radiating elements (e.g., 18 and 
atmg dements 14. 16. 18 and 20 respectively. FIG. 6 is 20) on one end thereof. 

a top view of th e antennajd[«nent^l2 lowing the radi- At the other end , the ground plane 44 is connected to 
atmg elements 14, 16, 18 and 20 radially extending from the outer conductor ofthe coax connector 26. Tab 36 of 
a comm<m junction 28. Note the loops 30 and 32 pro- 30 the antenna element 12, shown m FIG. 7, is soldered to 
vided m the second and fourth radiating elements 16 the ground plane 44 of microstrip balmvtopedance 
and 20 respectively- The loops extend the length of the transformer 22. That is, the common junction 28 at the 
radiatmg element and thereby create a reactive compo- bottom ofthe antenna 10 is soldered to the ground plane 
nent to feed the radiating arms in phase quadrature 44 at the tab 36. The four free (distal) ends of the an- 
thereby producing circular polarization. 55 tenna dements are soldered at the top of the antenna to 

As iUustrated m the detail view of FIG. 7, the com* the balun/impedance transformer 22. Two adjacent 
junction 28 is a radial hub withm which a semi^^-- arms 14 and 16 are soldered to the transmission line 42 
cular slot 34 is cut The slot 34 allovg the tab 36 to be and the other two dements 18 and 20 arc soldered to the 
P3J^e4^up.toJpr^^^ sol- ground plane 44. Hence, only 5 solder connections are 

4S^!P2SlJPi^ &^5=JM^BlS'IlJ^^^^ trans- 60 required. 

formCT,g2 ^to^the.antenna..dement As iilustrated''in the FIG. 11 is an isolated top view of an alternative cm- 
detail view of FIG. 8, the free ends of the radiating bodunentof the antenna element of the quadrifilar helix 
dements include a tab 38. The edge of each radiating antenna 12' constructed m accordance with the teach- 
element serves to provide a landmg 39. The landing 39 ings of the present invention. An antenna constructed in 
is significaiit because it self-indexes the dement arms 65 accordance with this design would employ two such 
and maintains a constant phase diflferentid between antenna elements 12' to provide a complete antenna, 
pairs of dement arms. That is, when the tab 38 is fully The antenna 12' is otherwise constructed in the same 
inserted into the balun and seated agamst the landing 39, manner as the antenna 12 of FIG. 6. 
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Thus, the present invention has been described herein 
with reference to a particular embodiment for a particu- 
lar application. Those having ordinary skill in the art 
and access to the present teachings will recognize addi- 
tional modifications applications and embodiments 
within the scope thereof. For example, the invention is 
not limited to construction in a helical pattern. Nor is 
the invention limited to four radiating elements. Any 
number of radiating elements may be used within the 
scope of the present teachings. 

It is therefore intended by the appended claims to 
cover any and aH such applications^ modifications and 
embodiments within the scope of the present invention. 

We claim: 

1. An improved quadrifilar helix antenna comprising: 
a unitary antenna having at least two radiating ele- 
ments extending radiaUy &om a common jimcti<£m 
and 
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a microstrip balun coimected to said plural antenna 
elements at said common junction, 

wherein said radiating elements are joined at distal 
ends thereof, arranged in a helical pattern, and 
mounted such that a longitudinal axis extending 
through the axial center of the antenna is coinci- 
dent with a longitudinal axis of said microstrip 
balun and each of said antenna elements includes a 
tab at said distal end thereof adapted to engage a 
slot in said microstrip balun. 

2. The invention of claim 1 wherein one or more of 
said antenna elements includes a semi-circular loop 
extending the length of said antenna element 

3. The invention of claim 1 wherein said balun in- 
cludes a microstrip transmission line and a groxmd plane 
on opposite sides of a dielectric substrate. 

4. The invention of claim 3 wherein said transmission 
line is tapered. 

« * * « « 
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